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Biochemical Oxygen Demand

Central District Office, U.S. EPA Region V
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Chloride
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Cyanide

Chemical Oxygen Demand

Corps of Engineers, U.S. Army

Contract Required Detection Limit
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Electromagnetic Meter
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Maximum Contaminant Level

Not Calculated

National Enforcement Investigations Center, U.S. EPA
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3.0 PROJECT DESCRIPTION

3.1 INTRODUCTION

Donohue & Associates, Inc., (Donohue) is submitting this Quality Assurance
Project Plan (QAPP) for the Himco Dump Superfund Site RI/FS to the U.S.
Environmental Protection Agency (EPA), Region V, in response to EPA Work
Assignment No. 17-5L4J (EPA Contract No. 68-WB-0093). This document is
Volume 3 of the Himco Dump Work Plan and related project plans prepared by
Donohue. The purpose of the RI is to determine the nature, extent, and
sources of contamination at the Himco Dump site, and to gather data necessary
to support a baseline risk assessment and a feasibility study. The investiga-
tion will include waste characterization, determination of the presence/
absence of wetlands, surface water, sediment, and soil sampling analysis,
waste mass gas investigation, determination of hydrogeologic characteristics,
and groundwater characterization.

The purpose of the FS is to develop and evaluate appropriate remedial action
alternatives based on technical, environmental, public health, and economic
considerations, and to determine the most applicable remedial action alterna-
tive for the site.

The purpose of the Quality Assurance Project Plan (QAPP) is to present the
planned system of activities and expected level of data quality for the RI/FS.
The precision, accuracy, completeness, representativeness, and comparability
of the environmental data collected must be known and documented according to
this plan. Presented in this QAPP are the personnel responsible for quality
assurance, the data quality objectives, and the specific quality control
measures to be taken to reach the objectives.

This QAPP has been prepared in accordance with the 16 QAPP elements as speci-
fied in EPA QAMS 005/80, "Interim Guidelines and Specifications for Preparing
Quality Assurance Project Plans,"” and the "Region V Content Requirements for
QAPP" draft prepared by Cheng-Wen Tsai, February 1987, revised January 1989.
Preparation of this QAPP was accomplished after meetings on project scope,
data quality objectives, and QAPP contents were held between EPA, Indiana
Department of Environmental Management (IDEM), and Donohue.

3.2 SITE DESCRIPTION

The Himco Dump Site is a closed and covered landfill located at County Road 10
and the Nappanee Street extension in the town of Elkhart, located in Elkhart
County, Indiana (Figure 3-1). The site covers approximately 50 acres in the
Northeast quarter of Section 36, Township 38 North, Range 4 East, in Cleveland
Township. The site is bounded on the north by a tree line and northernmost
extent of the gravel pit pond; on the west by the fish pond; on the south by
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County Road 10 and the private residences; and on the east by the Nappanee
Street extension. The vicinity of the site is agricultural, residential, and
light industrial. Site features and existing monitoring wells are shown in
Figure 3-2.

Donohue conducted a site visit on November 9, 1989, to the Himco Dump with
representatives of the Indiana Department of Environmental Management (IDEM)
and the potentially responsible parties (PRPs). The purpose of the site visit
was to observe obvious surficial areas of environmental concern (e.g. stressed
vegetation, stained soils, and uncontrolled dumping), determine site access
points for field operations, and inspect the final cover for uncovered refuse
and surface water drainage patterns.

During the site visit, the final cover of sand overlying calcium sulfate was
observed. The thickness of sand across the site was observed to be 0 to

1 foot thick. The thickness of the calcium sulfate layer is unknown. The
western half of the dump was used as cropland (for soybeans) up to one year
ago. The eastern half of the site is covered by grassland with some tree
stands. There is an access road (made of sand) into the site near the inter-
section of County 10 and Nappanee Street. There is an abandoned gravel pit
operation in the northeast corner of the site. A truck scale, concrete struc-
tures, and a utility pole are in this area. The gravel pit itself is filled
with water, and a steep drop-off was observed. Some minor dumping into the
gravel pit pond was noted. Another pond exists in the southwest corner of the
site. It was reported that the owner of the property excavated this area to
create a "fishing hole" which was then stocked with fish. It is not known if
any biota still exist in this pond.

Surface water drainage across the Himco Dump site is probably radial due to
the configuration of the landfill. The highest point of the landfill is
probably near its geographic center at a reported height of 15 feet above
ground surface sloping to a height of 0 to 5 feet around the dump's perimeter.
Erosional areas were noted around the site, some of them penetrating the
calcium sulfate layer. Paper and plastic refuse also lay uncovered in certain
areas. There were also deep caverns noted in areas that were initially
created by burrowing rodents. Wildlife observed at the site included a four-
point buck and various species of birds.

On-site and off-site monitoring wells installed by the USGS were alsc
inspected by Donohue during the site visit. The wells were constructed of

2 ~-inch and 4-inch internal diameter (ID) polyvinyl chloride (PVC) and had no
protective casings. All wells checked had water in them, and these water
levels were recorded. These wells were reported to have been constructed in
the early 1980s.

An initial walk-through of the site was conducted with atmospheric monitoring
equipment (photoionization detector (HNu), landfill gas detector (Lumidor),
and geiger counter). Compounds monitored included: volatile organic com-
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pounds, hydrogen sulfide, methane, X-ray and gamma radiation. No readings
above background were detected on any of the instruments. However, "landfill
gas” smell was detected intermittently across the dump site.

3.3 SITE HISTORY AND BACKGROUND

The Himco Dump site was a privately owned site operated by Himco Waste Away
Service, Inc., that was in operation between 1960 and September 1976. A brief
history of the Himco Dump site was provided by Chuck Himes, principal landfill
operator, during the site visit on November 9, 1989, The area was initially a
marsh and grassland. There was no liner, leachate, or gas recovery system
constructed for the landfill. Refuse was placed at ground surface across the
site with the exception of trench filling in the eastern quarter of the site.
A total of 5 trenches 10 to 15 feet deep, a truck width wide and 30 feet long,
were excavated in this area. Paper refuse was reportedly dumped in these
trenches and burned. The landfill had no borrow source but obtained sandy
soil for daily cover from the gravel pit to the north, an excavated pond to
the west, and essentially anywhere around the perimeter of the site where sand
was available. It was reported that essentially two-thirds of the waste
present in the dump was calcium sulfate from Miles Laboratories. As much as
360 tons/day were dumped over an unknown time duration. Other wastes accepted
at the landfill included demolition/construction debris, industrial and hospi-
tal wastes, and, to a minor degree, general household refuse. 1In 1977, the
landfill was closed@ and covered. The cover was constructed of approximately

1 foot of sand overlying 6 inches of calcium sulfate.

In 1971, the Indiana State Board of Health (ISBH) first identified the Himco
site as an open dump. In early 1974, nearby residents of the Himco Dump
complained to the ISBH about color, taste, and odor problems with their
shallow wells.

Mr. Himes was advised by ISBH to replace six shallow water wells for resi-
dences immediately south of the landfill on County Road 10. Analyses of these
wells by the state showed high levels of manganese. The old wells were
finished at depths of approximately 22 feet, and the new wells were finished
at depths ranging from 152 to 172 feet below ground surface.

In 1975, Mr. Himes signed a consent agreement with the ISBH Stream Pollution
Control Board to close the dump by September of 1976. The final cover
consisted of calcium sulfate overlain by sand.

In 1980, the United States Geological Survey (USGS) conducted a hydrogeo-
logical study of northwestern Elkhart County, Indiana. The purpose of the
USGS study was to define the hydrogeology in the region and to determine the
hydrologic effects of the proposed pumping at the Elkhart Municipal Airport
located approximately one mile northeast of the Himco Dump. Data collected on
the groundwater regime included the thickness and areal extent of unconsoli-
dated deposits, their hydraulic conductivity, specific yield, transmissivity,
and storage coefficients. The general groundwater flow patterns and stream-
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aquifer connections were also defined (USGS, 198l1). The USGS report deter-
mined the horizontal and vertical extent of the leachate plume from the Himco
Dump using concentrations of bromide in the groundwater. The bromide concen-
trations in groundwater have been monitored from 1979 until present.

In 1984, the EPA directed a field investigation team (FIT) consisting of their
subcontractor, Ecology and Environment (E&E). A site inspection was conducted
by E&E at the Himco Dump. Laboratory analysis of wells sampled by the FIT
members showed that the groundwater was impacted by metals and semi-volatile
and volatile organic compounds. The metals detected included aluminum,
arsenic, barium, chromium, cobalt, selenium, beryllium, cadmium, copper, zinc,
manganese, lead, nickel, and mercury. The volatile organic compounds (VOCs)
detected included: acetone, benzene, phenol, freons, 4-methylphenol,

trans 1,2-dichloroethane, 2-butane, chloroethane, and pyrene. At the time of
the site inspections, leachate streams were observed by the FIT members.

As of January 1990, the parcels of land which comprise the landfill are owned
by the following individuals or corporations:

I. Miles Laboratories
II. CLD Corporation
III. Alonzo Craft, Jr.
IV. Indiana and Michigan Electric Co.

3.4 CONTAMINANTS OF CONCERN AND POTENTIAL SOURCE AREAS

A site inspection was conducted in July 1984 by Ecology & Environment (E&E).
Groundwater, surface water, and sediment samples were taken and analyzed using
the Contract Laboratory Program (CLP) for volatile organics, acid/base-neutral
organics, polychlorinated biphenyls (PCBs), pesticides, total metals, and
cyanide. Results from this study are contained in Table 3-1. Shallow

well E/17', immediately downgradient of the site, contained elevated levels of
trans 1,2-dichloroethene, pyrene, acenaphthene, 2,4-dinitrotoluene, zinc,
cadmium, and aluminum compared to the upgradient well D/19'. Wells M and P
which are located on-site nearest the fill contained detectable phenol,
4-methylphenol, acetone, freons, chloroethane, and trans 1,2-dichloroethene.
Surface water and sediment quality at downgradient locations did not differ
from upgradient locations. The primary suspected contaminant source is the
landfill which is known to contain pharmaceutical waste, industrial waste,
municipal waste, and calcium sulfate. Primary release mechanisms include
particulate and volatile emissions, percolation, runoff, and erosion. These
release mechanisms result in a secondary contaminant source which includes
soil under and surrounding the landfill. The mechanisms and pathways appli-
cable to the Himco Dump Site are shown in Figure 3-3.

Secondary release mechanisms include percolation which results in potential
contamination of groundwater, sediment, surface water, and wetlands. The
secondary release mechanisms of runoff and erosion result in contamination of
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TABLE 3-1
DETECTED METALS - 1984

Himco Dump
Elkhart, Indiana

Units: wug/) (ppb)

Offsite Sediment
Field Upgradient Wells Dup Down Gradient Surface Water Units: mg/kg (ppm)
Analytes Blank D/19° D/174° E/si7” E/174° M/24° m24° P/24° 1/35° 1/172° uG 0G uG DG
Aluminum - 12,500 ~ 350,000 - 296 269 1785 1,890 - - - 1,640 424
Arsenic - 26 ~ 200 - - - 26 - - - - 1.8 2.0
Bar ium - 121 - 803 165 172 175 97 414 66 - - 14 -
Beryl)ium - - - " - - - - - - - - - -
Cadmium - - -~ 10 - - - - - - - - - -
Chromium - 370 ~ 461 - 16 12 - - - - - 3.9 1.3
Cobalt - - - 132 - - - - - - - - 2.7 -
Copper - 73 - 555 - - - - - - - - 3.9 -
Iron - 67,400 1,230 146,000 1,580 12,300 14,800 11,400 5,520 507 246 210 4,380 1,550
Lead - 73 - 401 - 7.7 9.0 6.7 - - - - 5.8 1.6
Manganese - 1,630 158 2,150 a1 331 320 182 133 24 24 12 43 103
Mercury - 0.21 ~ t.4 - - - - - - - - - -
Nicke! - 103 - 422 - - - - - - - - 4.4 -
Selenium - - 2.0 14 - - - 4.7 - - - - - -
Tin - - ~ - 32 - - - - 55 - - 1.1 1.2
vanadium - - - 326 - - - - - - - - - -
2inc 1 164 38 1,630 44 224 309 58 18 55 65 - 19 5

- = Not detected at or above contract required detection 1imit.
UG = Upgradient

DG = Downgradient

X/YY’' = Well/sampling depth in feet.

DUP = Field Duplicate

ARCS/P/HIMCO/ABB



Units: wg/) (ppb)

Fiela
Biank

Compound

Volatiles

Acetone 32
Benzene S
2-Butanone
Chloroethane
Chiorofluoromethane
Dichlorodifluoromethane
1,1-Dichloroethane
Trans 1,2~

Dichloroethene
Diethylether
1,4-Oioxane
Ethyibenzene
2-Hexanone
Methytene Chloride
Toluene 5
Trichloroethane
Carbon Disulfide

Semi-Volatiles

1,2,4-Trichlorobenzense
1,4-Dichlorobenzens

TABLE 3-1

DETECTED ORGANICS - 1984
Himco Dump
Elkhart, Indiana
(Continued)

Offsite Sediment
Upgradient Wells Dup Down Gradient Surface water Units: ug/kg (ppdb)
Ds/19° 0/174° E/17° E/174° M/24° M/24° P24’ 1/35° 1/172° uG DG uG DG
39 39 164 60 100 230 492 C 66 C
5 K S 5 K 5 K 5 K q 5 K 5 K 5 K 10 K
106 79
13
43 J 57 J 37 J 18 J
61 J 79 J 56 J 14 J
15
8 9 7
a4 ) 45 J 78 J
9 J
5 K
5 K
5 K 5 K 5 5 K 15 C 39 C 249 C
5 K 5 K 3 5 K 5 K 5 K S5 10 K 10 K
5 K 5 K 5 K
‘ 1
10 K
7K

K = Compound detected above instrument detection

J = Compound identified by computer library search,
C = Associated lab blank contained detectablie level,
UG = Upgradient.

DG = Downgradient.

X/YY' = Well/sampling depth in feet.

DUP = Field Duplicate

1imit but below contract required detection 1imit.
concentration estimated.

value reported has had blank leve!) subtracted from it.



TABLE 3-1

DETECTED ORGANICS - 1984
Himco Dump
Elkhart, Indiana
(Continued)

Units: wug/1 (ppb)

Offsite Sediment
Field Upgradient wells Dup Down Gradient Surface Water Units: ug/xg (ppb)

Semi-volatiles Blank D/19° D/174° E/Y7° E/174° M/24° M/24° P/24° 1/35° 1/172° uG DG V] DG
Naphthalene 10 K
Di~N-Butylphthalate 10 K 10 K 10 K 10 K 15 10 K 10 K 10 K 10 K 10 K 10 K
Acenapthene 25 K
2,4-Dinftrotoluene 20 K
N-Nitrosodinpropylamine 9
Pyrene 13
Pheno) 62 76
4-Methy lphenol 197 235
Bis(2-ethylhexyl)

phthalate 10 K 266 C 20
Diethylphthalate 10 K 10 K 10 K 150 K
Tentatively Identified Compounds
Caprolactam 224 ) 145 J
Sutfur 39 J a1 J 1180 4
Dioctylester-

hexanonedioic acid 1190 J
Unknowns
Volatile fraction 5 J

Semi-Volatile fraction 1080 4 1380 J

PCB/Pest icides

None detected

K = Compound detected above instrument detection 1imit but below contract required detection timit.

J = Compound identified by computer 1ibrary search, concentration estimated.

C = Associsted lab blank contained detectable level, value reported has had blank level subtracted from it.
UG = Upgradient

DG = Downgradient

DUP = Field Duplicate
ARCS/P/HIMCO/ABSB
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surface water, sediment, and wetlands. Contamination of surface water, sedi-
ment, wetlands, and air could arise from the secondary release mechanism of
dust emissions. Potential contaminant transport pathways to receptors include
air, groundwater, sediment, surface water, and wetlands. Primary receptors
include humans through ingestion, inhalation, and dermal contact; and terres-
trial and aquatic environmental species through ingestion, inhalation, and
dermal contact. Crops grown on the landfill cap could serve as a receptor
through uptake (ingestion) of contaminated groundwater and surface water.
Human and territorial receptors could then be exposed through ingestion and
dermal contact.

The following contaminants of concern have been selected based on the 1984
historical data and on data needs for the risk assessment and the remedial
alternative selection process:

Volatile Organics ~ CLP Target Compound List (TCL)

Semivolatile Organics - CLP Target Compound List (TCL)

PCBs/Pesticides - CLP Target Compound List (TCL)

Metals/Cyanide - CLP Target Analyte List (TAL)

Geotechnical Parameters - (grain size, Atterberg limits, permeability,
consolidation, triaxial shear) Organic carbon
will also be measured to assess the sorptive
properties of site soils and existing cap
materials for contaminant fate and transport
determinations.

Water Quality Parameters

The specific water quality parameters to be measured and the rationale for
their selection are listed below:

Chemical Oxygen Demand (COD): Measure of chemical oxidation in water;
poorly degradable contaminants will elevate COD above BOD level.

Chloride: Major mobile anion associated with typical landfill leachate.

Sulfate: Anion associated with typical landfill leachate; reduction of
organic sulfur occurs in anaerobic conditions and oxidation occurs in
aerobic conditions.

Ammonia, Nitrate and Nitrite, Total Kjeldahl Nitrogen: Specification of
nitrogen needed for remedial alternative selection.

Total Phosphorus: Indicator of agricultural use (on-site cropland); high
levels enhance algae growth and may complicate some treatment
alternatives.

Total Dissolved Solids, Total Suspended Solids: Remedial alternatives
such as filtration and sorbtion are dependent on solids loading.
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Alkalinity: Measure of buffering effect and ability to support algae
growth; high levels may complicate some treatment alternatives.

Bromide: Mobile anion previously detected by USGS and selected as the
indicator of the plume from the site.

Analysis of site samples for the water quality and geotechnical parameters
will be accomplished through the CLP Special Analytical Services (SAS)
program. Analysis of waste mass gas samples collected on sorbent tubes for
TCL volatile organics will also be accomplished through the CLP SAS program.
Detection limits for SAS analysis are included in the specific SAS requests in
Appendix A. Quantitation limits for TAL metals/cyanide and TCL volatile
organics, semivolatile organics, and PCBs/pesticides are contained in

Tables 3-2 and 3-3. Quantitation limits for SAS analytes are contained in
Table 3-4.

3.5 PROJECT OBJECTIVES

3.5.1 Objectives

The existing data base indicates that the primary potential contaminants
associated with the Himco Dump Site are heavy metals and semivolatile and
volatile organic compounds. The potentially contaminated media on-site
include soil, surface water, sediment, and groundwater. Based on an initial
evaluation and technical determinations reached at project scoping meetings,
the primary objectives of the Himco Dump RI/FS are to:

° Characterize the nature and extent of contamination in the landfill,
site soils, surface water, sediment, wetland remnant area, and
groundwater. These media are potential contaminant sources or
pathways.

Determine the potential for contaminant transport from the landfill
via air, groundwater, and sediment/surface water pathways.

Evaluate a range of feasible, permanent solutions for on-site remedi-
ation in accordance with the Superfund Amendments and Reauthorization

Act.
° Identify and develop standards and criteria for contaminant cleanup.
° Conduct a baseline human health evaluation and an environmental

evaluation as appropriate for the site.

Phase I will determine if a source and a release exists and if a release via
the groundwater pathway has occurred. If a source and release is indicated by
the Phase I RI data, Phase II will further define the release and fill any
data gaps for the ecological and human risk assessments, treatability studies,
and remedial alternative evaluations.



TABLE 3-2
QUANTITATION LIMITS* FOR RAS TAL AND SAS INORGANIC COMPOUNDS

HIMCO DUMP RI/FS
Elkhart, Indiana

Contract Required

Detection Limit Private Well
Analyte Water (ug/L) (1,2) _(ug/L) Soil (mg/kg) (3)
Aluminum 200 100 40
Antimony 60 5 12
Arsenic 10 5 2
Barium 200 S0 40
Beryllium 5 5 1
Cadmium S 0.5 1
Calcium 5000 1000 1000
Chromium 10 10 2
Cobalt 50 10 10
Copper 25 10 5
Iron 100 100 20
Lead 3 2 1
Magnesium 5000 1000 1000
Manganese 15 10 3
Mercury 0.2 0.2 0.040
Nickel 49 20 8
Potassium 5000 2000 1000
Selenium 5 2 1
Silver 10 5 2
Sodium 5000 1000 1000
Thallium 10 2 2
Vanadium 50 10 10
Zinc 20 20 4
Cyanide 10 10 2

1. Subject to the restrictions specified in the first page of Part G,
Section IV of Exhibit D (Alternate Methods - Catastrophic Failure) any
analytical method specified in SOW Exhibit D may be utilized as long as
the documented instrument or method detection limits meet the Contract
Required Detection Limit (CRDL) requirements. Higher detection limits may
only be used in the following circumstance:

If the sample concentration exceeds five times the detection limit of the
instrument or method in use, the value may be reported even though the
instrument or method detection limit may not equal the Contract Required
Detection Limit. This is illustrated in the example below:



TABLE 3-2

QUANTITATION LIMITS* FOR RAS TAL AND SAS INORGANIC COMPOUNDS
HIMCO DUMP RI/FS
Elkhart, Indiana
(Continued)

For lead:

Method in use - ICP

Instrument Detection Limit (IDL) - 40

Sample concentration - 220

Contract Required Detection Limit (CRDL) = 5

The value of 220 may be reported even though instrument detection limit is
greater than CRDL. The instrument or method detection limit must be
documented as described in Exhibit #.

2. The CRDL are the instrument detection limits obtained in pure water than
must be met using the procedure in Exhibit E. The detection limits for
samples may be considerably higher depending on the sample matrix.

3. The detection limits for soil samples are approximately 200 times that for
water samples (per Region V Sample Handling Manual March, 1989).

ARCS/P/HIMCO/AD7



TABLE 3-3
QUANTITATION LIMITS* FOR RAS TCL AND SAS ORGANIC COMPOUNDS

HIMCO DUMP RI/FS
Elkhart, Indiana

Quantitation Limits**

Water Private Well Low Soil/Sediment?
Volatiles CAS Number ug/L ug/L Ug/Kg
1. Chloromethane 74-87-3 10 1.5 10
2. Bromomethane 74-83-9 10 1.5 10
3. Vinyl Chlorigde 75-01-4 2 1.5 10
4. Chloroethane 75-00-3 10 1.5 10
5. Methylene Chloride 75-09-2 5 1 5
6. Acetone 67-64-1 10 5 10
7. Carbon Disulfide 75-15-0 5 3 5
8. 1,1-Dichloroethene 75-35-4 S 1.5 S
9. 1,1-Dichloroethane 75-34-3 5 1.5 5
10. 1,2-Dichloroethene (total) 540-59-0 5 1.5 5
11. Chloroform 67-66-3 5 1.5 5
12. 1,2-Dichloroethane 107-06-2 5 1.5 5
13. 2-Butanone 78-93-3 10 5 10
14. 1,1,1-Trichloroethane 71-55-6 5 1.5 5
15. Carbon Tetrachloride 56-23-5 5 1.5 5
l6. Vinyl Acetate 108-05-4 10 5 10
17. Bromodichloromethane 75-27-4 5 1.5 5
18. 1,2-Dichloropropane 78-87-5 5 1.5 5
19. «cis-1,3-Dichloropropene 10061-01-5 5 2 5
20. Trichloroethene 79-01-6 S 1.5 5
21. Dibromochloromethane 124-48-1 ) 1.5 5
22. 1,1,2-Trichloroethane 79-00-5 5 1.5 5
23. Benzene 71-43-2 5 1.5 5
24. trans-l,3-Dichloropropene 10061-02-6 5 1 5
25. Bromoform 75-25-2 5 1.5 5
26. 4-Methyl-2-pentanone 108-10-1 10 1.5 10
27. 2-Bexanone 591-78-6 10 5 10
28. Tetrachloroethene 127-18-4 5 1.5 5
29. Toluene 108-88-3 5 1.5 5
30. 1,1,2,2-Tetrachloroethane 79-34-5 5 1.5 5
31. Chlorobenzene 108-90-7 5 1.5 5
32. Ethyl Benzene 100-41-4 5 1.5 5
33. Styrene 100-42-5 5 1 5
34. Xylenes (Total) 1330-20-7 5 1.5 5



TABLE 3-3

QUANTITATION LIMITS* FOR RAS TCL AND SAS ORGANIC COMPOUNDS
HIMCO DUMP RI/FS
Elkhart, Indiana
(Continued)

Quantitation Limits**
Water Private Well Low Soil/Sedimentb

Semi-Volatiles CAS Number ug/L uq/L Ug/Kg
35. Phenol 108-95-2 10 2 330
36. bis(2-Chloroethyl) ether 111-44-4 10 1.5 330
37. 2-Chlorophenol 95-57-8 10 2 330
38. 1,3-Dichlorobenzene 541-73-1 10 2 330
39. 1,4-Dichlorobenzene 106-46-7 10 2 330
40. Benzyl alcohol 100-51-6 10 2 330
41. 1,2-Dichlorobenzene 95-50-1 10 2.5 330
42, 2-Methylphenol 95-48-7 10 1 330
43. bis(2-Chloroisopropyl) ether 108-60-1 10 2.5 330
44. 4-Methylphenol 106-44-5 10 1 330
45. N-Nitrosodinpropylamine 621-64-7 10 1.5 330
46. Hexachloroethane 67-72~1 10 2 330
47. Nitrobenzene 98-95-3 10 2.5 330
48. Isophorone 78-59-1 10 2.5 330
49, 2-Nitrophenol 88-75-5 10 2 330
50. 2,4-Dimethylphenol 105-67-9 10 2 330
51. Benzoic acid 65-85-0 50 20 1600
52. bis(2-Chloroethoxy) methane 111-91-1 10 2.5 330
53. 2,4-Dichlorophenol 120-83-2 10 2 330
54. 1,2,4-Trichlorobenzene 120-82-1 10 2 330
55. Naphthalene 91-20-3 10 2 330
56. 4-Chloroaniline 106-47-8 10 2 330
57. Hexachlorobutadiene 87-68-3 10 2.5 330
58. 4-Chloro-3-methylphenol

(para-chloro-meta-cresol) 59-50-7 10 1.5 330
59. 2-Methylnaphthalene 91-57-6 10 2 330
60. Hexachlorocyclopentadiene 77-47-4 10 2 330
61. 2,4,6-Trichlorophenol 88-06-2 10 1.5 330
62. 2,4,5-Trichlorophenol 95-95-4 50 1.5 1600
63. 2-Chloronaphthalene 91-58-7 10 1.5 330
64. 2-Nitroaniline 88-74-4 50 1 1600
65. Dimethylphthalate 131-11-3 10 1.5 330
66. Acenaphthylene 208-96-8 10 1.5 330
67. 2,6-Dinitrotoluene 606-20-2 10 1 330
68. 3~Nitroaniline 99-09-2 50 2.5 1600
69. Acenaphthene 83-32-9 10 1.5 330



TABLE 3-3

QUANTITATION LIMITS* FOR RAS TCL AND SAS ORGANIC COMPQUNDS

Semi-Volatiles

70.
71.
72.
73.
74.

75.
76.
77.
78.
79.

80.
81.
32.
83.
84.

85.
86.
87.
88.
89.

9g0.
91.
92.
93.
94.

95.
96.
97.
98.
99.

2,4-Dinitrophencl
4-Nitrophenol
Dibenzofuran
2,4-Dinitrotoluene
Diethylphthalate

4-Chlorophenyl-phenyl ether

Fluorene

4-Nitroaniline

4,6-Dinitro-2-methylphenocl

N-nitrosodiphenylamine and
Diphenylamine

4-Bromophenyl-phenylether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene

Anthracene

Di-n-butylphthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
3,3'-Dichlorobenzidine

Benzo(a)anthracene
Chrysene
bis(2-Ethylhexyl)phthalate
Di-n-octylphthalate
Benzo(b)fluoranthene

Benzo(k)fluoranthene
Benzo(a)pyrene
Indeno(l,2,3-cd)pyrene
Dibenz(a,h)anthracene
Benzo(g,h,i)perylene

HIMCO DUMP RI/FS
Elkhart, Indiana

(Continued)
Quantitation Limits**
Water Private Well Low Soil/SedimentP

CAS Number ug/L ug/L Ug/Rg
51-28-5 50 (15) 1600
100-02-7 50 1.5 1600
132-64-9 10 1 330
121-14-2 10 1 330
84-66-2 10 1 330
7005-72-3 10 1 330
86-73-7 10 1 330
100-01-6 50 3 1600
534~-52-1 50 (15) 1600
86-30-6 and 10 1.5 330
122-39-4

101-55-3 10 1.5 330
118-74-1 10 1.5 330
87-86-5 50 2 1600
85-01-8 10 1 330
120-12-7 10 2.5 330
84-74-2 10 2 330
206-44-0 10 1.5 330
129-00-0 10 1.5 330
85-68-7 10 3.5 330
91-94~1 20 - 660
56-55-3 10 1.5 330
218-01-9 10 1.5%%% 330
117-81-7 10 1 330
117-84-0 10 1.5 330
205-99-2 10 1.5 330
207-08-9 10 1. 5%%%% 330
50-32-8 10 2 330
195-39-5 10 3.5 330
53-70-3 10 2.5 330
191-24~2 10 4 330



TABLE 3-3

QUANTITATION LIMITS* FOR RAS TCL AND SAS ORGANIC COMPOUNDS

Pesticides/PCBs

100.
101.
102.
103.
104.

105.
106.
107.
108.
109.

110.
111.
112.
113.
114.

115.
1le6.
117.
118.
119.

120.
121.
122,
123.
124,

125,
126.

4 Medium Soil/Sediment Contract Required Quantitation Limits (CRQL) for

alpha-BHC

beta-BHC

delta-BHC
gamma-BHC (lindane)
Heptachlor

Aldrin

Heptachlor epoxide
Endosulfan I
Dieldrin

4,4'-DDE

Endrin

Endosulfan II
4,4'-DDD
Endosulfan sulfate
4,4'-DDT

Methoxychlor
Endrin ketone
alpha-Chlordane
gamma-Chlordane
Toxaphene

Aroclor-1016
Aroclor-1221
Aroclor-1232
Aroclor-1242
Aroclor-1248

Aroclor-1254
Aroclor-1260

HIMCO DUMP RI/FS
Elkhart, Indiana

(Continued)
Quantitation Limits**
Water Private Well [Low Soil/Sediment®
CAS Number ug/L ug/L Ug/Kg
319-84-6 0.05 0.010 8.0
319-85-7 0.05 0.005 8.0
319-86-8 0.05 0.005 8.0
58-89-9 0.05 0.005 8.0
76-44-8 0.05 0.030 8.0
309-00-2 0.05 0.005 8.0
1024-57-3 0.05 0.005 8.0
959-98-8 0.05 0.010 8.0
60-57-1 0.10 0.010 16.0
72-55-9 0.10 0.005 16.0
72-20-8 0.10 0.010 16.0
33213-65-9 0.10 0.010 16.0
72-54-8 0.10 0.020 16.0
1031-07-8 0.10 0.10 16.0
50-29~3 0.10 0.020 16.0
72-43-5 0.5 0.020 80.0
53494-70-5 0.10 0.030 16.0
5103-71-9 0.5 0.020 80.0
5103-74-2 0.5 0.020 80.0
8001-35-2 1.0 0.25 160.0
12674-11-2 0.5 0.10 80.0
11104-28-2 0.5 0.10 80.0
11141-16-5 0.5 0.10 80.0
$3469-21-9 0.5 0.10 80.0
12672-29~-6 0.5 0.10 80.0
11097-69-1 1.0 0.10 160.0
11096-82-5 1.0 0.10 160.0

Volatile TCL Compounds are 125 times the individual Low Soil/Sediment CRQL.

b Medium Soil/Sediment Contract Required Quantitation Limits (CRQL) for Semi-
Volatile TCL Compounds are 60 times the individual Low Soil/Sediment CRQL.

€ Medium Soi/Sediment Contract Required Quantitation Limits (CRQL) for Pesti-
cide/PCB TCL compounds are 15 times the individual Low Soil/Sediment CRQL.



* Specific quantitation limits are highly matrix dependent. The
quantitation limits listed herein are provided for guidance and may not
always be achievable.

kel Quantitation limits listed for soil/sediment are based on wet weight.
The quantitation limits calculated by the laboratory for soil/sediment,

calculated on dry weight basis as required by the contract, will be
higher.

*** Reported with benzo(a)anthracene.
**** Reported with benzo(b)fluoranthene.

({ ) Estimated detection limit, actual values under investigation.

ARCS/P/HIMCO/AES



TABLE 3-4

QUANTITATION LIMITS FOR SAS ANALYTES
HIMCO DUMP RI/FS
Elkhart, Indiana

Quantitation
SAS Analyte Matrix Limit
Chloride groundwater 5 mg/L
Sulfate groundwater S mg/L
TDS groundwater 20 mg/L
TSS groundwater 2-3 mg/L
Alkalinity groundwater 2 mg/L
TP groundwater 0.05 mg/L
TKN groundwater 0.1 mg/L
NH; groundwater 0.1 mg/L
NO, & NOj groundwater 0.10 mg/L
CcoD groundwater 5 mg/L
Bromide groundwater 0.10 mg/L
Organics -

Residential Wells - See Table 3-3

Inorganics -

Residential Wells - See Table 3-2

Atterberg Limits soil not applicable
Particle Size soil 1%
Permeability soil not applicable
Consolidation soil not applicable
Triaxial Shear soil not applicable
Organic Carbon soil 0.10%



TABLE 3-4

QUANTITATION LIMITS FOR SAS ANALYTES

Volatile Organics

Benzene
Bromodichloromethane
Bromoform

Bromomethane

Carbon Tetrachloride
Chlorobenzene
Chloroethane

Chloroform
Chloromethane
Dibromochloromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethene
1,2-Dichloroethene (Total)
1,2-Dichloropropene
Cis-1,3~-Dichloropropene
Trans-1l,3-Dichloropropene
Ethyl Benzene

Methylene Chloride
1,1,2,2-Tetrachloroethane
Tetrachloroethene
Toluene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene

Vinyl Chloride

Acetone

Carbon Disulfide
2-Butanone

Vinyl Acetate
4-Methyl-2-Pentanone
2-Hexanone

Styrene

m~Xylene

o-Xylene

p-Xylene

HIMCO DUMP RI/FS
Elkhart, Indiana

(Continued)

Matrix

sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent
sorbent

tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube

Quantitation Limit
(ng/tube) **

[S IS RN IS IS RS T R RS IS IS RS, REC RS RS RS NG G RV S R BT S RS RS RS RS R R E R U R R R R E RS,

** Assuming cartridge is packed with 2 grams of Tenax.

ARCS/P/HIMCO/AF0
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The Phase 1 field investigation will consist of the following tasks:

° Site survey and topographic mapping.

* Electromagnetic survey for fill boundary determination.

¢ Sampling and analysis of wetlands.

¢ Monitoring well installation, sampling and analysis (quarterly for

four quarters).
¢ Soil boring sampling and analysis.
* Existing monitoring well sampling and analysis (quarterly for four
quarters)
Private well sampling and analysis (quarterly for four quarters).
Leachate sampling and analysis (if seeps present).
Landfill waste sampling and geotechnical analysis.
Landfill cap surface soil sampling and analysis.
Landfill waste mass gas sampling and analysis.
Sediment and surface water sampling and analysis from quarry.
Sediment and surface water sampling and analysis from fish ponds.
Installation of staff gauges.

The scope of the Phase II field investigation will be dependent on whether a
source exists and releases to groundwater, surface water, sediment, and air
have occurred. The following tasks are proposed for Phase II if a source and
releases are determined by the Phase I RI data:

° Gravity survey to map bedrock valley location.
° Sampling and analysis of quarry biota.
° Sampling and analysis of pond biota.

Air pathway analysis.

The rationale for each of the tasks and a summary of the field procedures and
chemical analyses are discussed below. Detailed descriptions of exact sample
locations and specific sample collection protocols are included in the Field
Sampling Plan, Volume 2.

3.5.2 Data Uses

The data collected during the RI will be used to satisfy data needs associated
with site characterization, risk assessment, and evaluation of remedial alter-
natives during the FS. Data needs specific to the Himco Dump RI/FS have been
identified by evaluating existing data with reference to the Conceptual Site
Model and are discussed in Section 4.0 of the Work Plan (Volume 1A).

Due to continuing concerns from the nearby residents who have not been using
their residential well water for drinking or cooking purposes, residential
wells will be sampled and analyzed quarterly using low level detection limits
to determine if the well water presents a risk to health and meets current
state and federal criteria. Data from the residential wells will also be used
to determine if a plume from the landfill exists.
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Users of the data generated from this RI/FS will consists of the EPA, IDEM,
health assessment scientists, engineers, hydrogeologists, geologists, biolo-
gists, and chemists. The potentially responsible parties (PRPs) will also
review the data collected. Wetlands were determined to be present by the U.S.
Fish and Wildlife Service, Bloomington, Indiana. A 404 permit may be
required, and the endangerment assessment will be reviewed by the Corps of
Engineers since the EPA will not be funding the remedial design. The U.S.
Fish and Wildlife Service will also be involved in the endangerment assess-
ment. Because the Himco Dump is proposed for the National Priorities List
(NPL), the RI data will also be used by the EPA to determine whether to list
or delist the site.

3.5.3 Data Quality Obijectives

Data Quality Objectives (DQOs) were developed by EPA based on the premise that
different end-uses of data necessitate varying levels of analytical data
quality. EPA has defined five levels of analytical data quality: Level (I),
field screening; Level (II), on-site analysis; Level (IIl), off-site analysis
by EPA-approved method; Level (IV), Contract Laboratory Program (CLP) Routine
Analytical Services (RAS) analysis; and Level (V), Special Analytical Services
(SAS) analysis.

Data needs specific to the Himco Dump RI/FS have been identified by evaluating
existing data with reference to the Conceptual Site Model and determining what
additional data are necessary in order to accomplish the project objectives.
The RI field program will key in on the sampling and analysis of the suspected
primary source and the pathways as presented in the Conceptual Site Model.

The primary suspected contaminant source at the Himco Dump Site is the land-
fill. No direct analysis of the composition and concentrations of the £ill or
leachate is available. The type, depth, and amount of waste disposed of at
the site is unknown. Therefore, no straight-forward statistical method is
available for determining the expected variations or sampling density required
to obtain a representative estimate of the contamination. Instead, a sampling
grid will be established on the fill on 250-foot centers to provide a system-
atic coverage of the fill area. The limits of £ill will be determined by an
electromagnetic survey. Soil/waste samples will then be collected for chemi-
cal analysis (DQO Level IV) at the surface (0 to 6 inches) to determine if
risk to receptors by particulate emission releases exists and to evaluate
remedial alternatives. Geotechnical analyses will be done on samples
collected to a depth of 3 feet in the waste. DQO Level V will be used for the
geotechnical parameters of consolidation and triaxial shear. These geotech-
nical parameters are needed to predict the amount and rate of settlement of
the fill under loads and to determine the strength of the existing cap for
remedial alternative selection.
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Field instruments will be used to measure the percent methane and hydrogen
sulfide at the grid sampling points using DQO Level I. A field portable
photoionization detector will be used to provide data on the order of magni-
tude of VOCs at each of the borings (DQO Level I). Selected grid locations
with the highest field VOC concentrations will be sampled using a calibrated
pump and sorbent tubes. Samples will be analyzed using DQO Level V to deter-
mine the identity and quantity of VOCs in the waste mass gas for purposes of
risk assessment and remedial alternative selection. If leachate seeps are
visible during the Phase I field program, they will be sampled and analyzed
using DQO Levels IV and V.

The secondary contaminant source area at the Himco Dump Site is the soil.
Based on the measured contamination in groundwater immediately downgradient of
the site, the vadose zone soil is believed to be contaminated. However, no
direct analysis of any site soils has been done. Deeper subsurface drilling
through the waste to sample underlying soil is not proposed for Phase I RI
activities. However, during installation of the ten proposed new monitoring
wells, soil samples will be collected and analyzed using DQO Level IV,
Selected soil samples will also be analyzed for the geotechnical parameters of
Atterberg limits, grain size, total organic carbon and permeability using DQO
Level V to characterize the geologic conditions.

Four potential contaminant migration pathways have been identified in the
Conceptual Site Model. Groundwater is the pathway of greatest concern as
site-derived contaminants have been measured historically and receptors are
located immediately downgradient of the site. Groundwater from both existing
USGS wells and proposed new wells will be collected and analyzed quarterly
using DQO Level 1IV.

The groundwater chemistry data will be used to determine the nature and extent
of contamination and develop the risk assessment. In order to fully evaluate
remedial alternatives, hydrogeologic data also need to be collected. Aquifer
conductivity will be determined using slug tests on new and existing wells.
Water levels will be measured to develop a groundwater table map. Groundwater
discharge to surface water bodies (quarry, fish ponds) will also be assessed
with staff gauges. Field parameters that assess groundwater stability after
purging (pH, conductivity, dissolved oxygen (DO), and temperature) will be
measured using DQO Level I.

Private well sampling will be conducted quarterly at the six residences that
are located along the southern edge of the site. Historical state data
indicated elevated levels of the water quality parameters of COD, iron, and
manganese in the shallow wells on these properties. No validated chemistry
data are available on the deeper wells. DQO Level V will be used in the
analysis of the private well samples, since lower than the CLP RAS detection
limits are needed to meet Maximum Contaminant Levels (MCLs) and Recommended
Maximum Contaminant Levels (RMCLs) for drinking water. Field parameters of
pH, conductivity, dissolved oxygen (DO), and temperature will be measured
using DQO Level I to assess groundwater stability after purging.
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The surface water and sediment pathway will be sampled during the Phase I RI
using DQO Levels IV and V. Two fish ponds and a quarry are located adjacent
to the fill area and may be impacted from the site. No historical chemical
data exist for the surface water or sediment in the quarry or ponds. Data
will be used in developing the ecological and human risk assessment.

A determination of the presence of wetlands as defined by the Federal Manual
for Identifying and Delineating Jurisdictional Wetlands was made by the U.S.
Fish and Wildlife Service, Bloomington, Indiana. Sampling of wetland soils

will therefore occur in Phase I.

The air pathway will be modeled using data on VOCs collected from the DQO
Level V waste mass gas monitoring during Phase I. No direct air monitoring
and sampling is planned for Phase II unless data from Phase I indicate a
significant risk to receptors.

A summary of the DQO levels proposed for this investigation is presented in
Table 3-5. DQO summary forms used during the scoping process are included in

Appendix B.

3.6 SAMPLE NETWORK DESIGN AND RATIONALE

A sampling and analysis summary table is presented in Table 3-6. Complete
descriptions of sampling activities including sampling location diagrams,
number of samples, and rationale of selected locations are presented in the
Field Sampling Plan (FSP) (Volume 2).

3.7 PROJECT SCHEDULE

The proposed schedule is presented in Chapter 8 of the Work Plan (Volume 1A).

The proposed schedule for the RI/FS is based on conditions discussed in the
Work Plan. A six-week CLP turnaround time for RAS and SAS sample analysis
with an additional three-week turnaround time for EPA data validation were
assumed in developing this schedule. Groundwater and private well water
samples will be collected quarterly (every 3 months) and sent through the CLP
for one year to collect enough data to assess if seasonal variations are

occurring.

The proposed schedule assumes ready access to the site. The proposed schedule
also assumes that health and safety personnel protection requirements are
Level D, with possible upgrade to Level C, as detailed in the Himco Dump RI/FS
Health and Safety Plan (Volume 4). Variation from these assumptions may
result in schedule delays.



TABLE 3-5

DQO LEVELS
HIMCO DUMP RI/FS
Elkhart, Indiana

Matrix
Groundwater
Landfill Waste Mass Surface Soil Residential
Field Analysis Cap soil/Waste Gas Water Sediment Wells

pH

Conductivity

Dissolved oxygen

Temperature

% Methane

% Hydrogen sulfide

Gas Volume

Volatile organics by HNu I
Electromagnetic survey I
Slug test/staff gauge I

Water Level I
Radioactivity I I

o
H H HH

o H

Laboratory Analysis

«outine Analytical Services:

TCL volatiles v v v
TCL semi-volatiles Iv Iv Iv
TCL PCB/pesticides v Iv v
TAL metals/CN v Iv Iv

Special Analytical Services:

TCL volatiles -

sorbent tubes W
Water quality v v
Organic Carbon
Grain size v
Atterberg limits v
Permeability
Consolidation v
Triaxial shear v
TCL volatiles
TCL semi-volatiles
TCL PCB/pesticides
TAL metals/CN

<< <<

<< <<

ARCS/P/HIMCO/ADS



TABLE -6

Sampling and Analysis Summary Table for Himco Dump
Phase I

Field QC Lab QC
. . Total
Sample Field DQO Lab DQO Field to Purpose
Matrix Parameters | Level | Parameters [Level [ Lab  [Samples|BB} BG|TB*YFB | FD | Lab| LD |MSD*| MS of Samples
SITE CONDITIONS EM-31 Con- 1 - - - - - Determine limits of fill
ductivity Assess If buried drums present
LANDFILL CAP Radioactivily 1 Geotech, Use to predict amount and rate
AND WASTE VOAs by 1INU I [ Consotidationt V [CLPSAS [ 2Max |- [ = | - | = - | 2Max| - - - | of settlement under loads for
Triaxial Shear? v 5 Max 5 Max remedial allernatives
Grain Size? Y 5 Max 5 Max Determine strength of waste
Atterberg Limits? v § Max § Max for remedinl alternatives
Determine material properties of
was(e mass
TCL VOA 1v cLp 12 - - - ~ 1 13 - 1 1 Risk assessment - dust
6-18"" TCL IINA v CLP 12 - - - - 1 3 - 1 ] particulate emission releases
TCL PCH/P 1v CLr 12 - - - - 1 13 - 1 1 Evaluate remedial alternatives
TAL Metals/CN 1v CLP 12 - - - ~ 1 13 1 - 1
LANDFILL WASTE | Methane 1 TCL VOA v CLP SAS | 10 Max 14 13 1 -~ 1 |13 Max - 1 1 Waste characterizalion.
MASS GAS (Sorbent tubes) Risk assessment of volatile emis-
Hydrogen 1 sion release mechanism
Suilfide Evaluate remedial alternatives
TCL YOA Quick Evaluat l fe of
VOCsbyINU| 1 (SorbentTubes) | V| Turnsas| 2 it N L B 2 - 1 1 [ Fvaluate sampling rate of pump
NOTES: * MS/MSD samples required for organic analysis. Aqueous samples Legend
BB = Boltle Blank

IThin-walled Shelby tube
2Ziploc bag

JAssume bottle cleaning protocol submitted with QAPP

acceplable
4Unexposed sorbent tube
30OfTsite location

Page .1 of T

(groundwater, surface water, leachate, private well water) shall be col-
lected, with extra sample volume at a frequency of one per 20 or fewer
investigative snmples. Triple the normal volume will be coliccted for
YOAs and double the normal volume will be collected for BNA and

PCB/P.

** Trip blanks will be shipped at a frequency of one per cooler of
aqueous/sorbent tubes containing aqueous/sorbent tube samples for
VOA analysis.

BG = Background Blank
TB = Trip Blank
FB = Field Blank
FD = Field Duplicate
LD = Lab Duplicate
MSD = Matrix Spike Duplicate
MS = Matrix Spike
- = Not Applicable
1IG = Upgradient

¢ KUEI1ADCO)



TABL.

3-6

Sampling and Analysis Summary Table for Himco Dump

Phasc 1
Ficld QC Lab QC
; . ‘Total
Sample Field DQO Lab DQO Field 1o Purpose
Matrix Paramelers | Level | Parameters [level | Lab  |Samples BB BG[TB**|FB | FD [Lab| LD |MSD*| MS of Samples
LEACHATE rtl 1 TCL VOA v cLy 4 Max - - 1 1 1 6 - 1 1 Waste characterization of primary
(il available) Conductivity 1 TCL BNA v CLP 4 Max - - - 1 1 6 - 1 1 source
no 1 TCL PCWP v cLr aMax | - | - - 1 1 6 - 1 1 | Risk assessment .
Temperature 1 TAL Metal/CN | 1V cLp aMax J - | - - 1 1 3 1 - 1 | Evaluate remedial alternatives
(Totahd
Water Quality4 \4 CLP SAS 4 Max - - - H 1 6 t - 1
Ccon v CLPSAS | amax | - | - - 1 1 6 1 - 1
(M) v CLP SAS 4 Max - - - 1 1 6 1 - H
$O4 \4 CLP SAS 4 Max - - - 1 { 6 ! - 1
Niby \{ CLP SAS 4 Max - - - 1 1 6 1 - 1
NO2+NO3 v CLY SAS 4 Max - - - 1 1 6 1 - 1
TKN v CLP SAS 4 Max - - - 1 1 6 1 - 1
T v CLP SAS 4 Max - - - 1 1 6 1 - 1
™ms v CLP SAS 4 Max - - - ] 1 6 1 - 1
TSS \{ CLY SAS 4 Max - - - 1 1 6 1 - 1
alkalinity v CLP SAS 4 Max - - - 1 1 6 1 - 1
bromide, \4 CLP SAS 4 Mnx - - - 1 1 6 1 - 1
dissolved
ROTES: * MS/MSD sampl ired ic analysis. A les Legend
1Assume hottle cleaning protocot submitted with QAPP o1} sampies required for organic anafysis. Aqucous sampies -epen
acceptable, (groundwater, surface water, leachale, privale well water) shall be col- BB = Botfle Blank
BG = Background Blank

2Assume able {o access 6 abandoned shaltow wells.

3Tolal metals are defined as digestion and analysis of TAL
metals on an unfiltered sample. Dissolved melals are de-
fined ns digestion and analysis of TAL mefals on a sample
filtered in the field.

4Waler guality analyses will be done on unfiltered sample
except for bromide which will be ficld filtered.

Page 2_of 1

lected, with exfra sample volume at a frequency of one per 20 or fewer
investigative snmples. Triple the normal volume will be collected for
VOAs and double the normal volume will be collected for BNA and

PCB/P,

** Trip blanks will be shipped a2t n frequency of one per cooler of
aqueons/sorbent tubes containing aqucous/sorbent tube samples for

VOA analysis.

TB = Trip Blank

FI§ = Field Blank

FD = Ficld Duplicate

LD = Lab Duplicate

MSD = Matrix Spike Duplicate

MS = Matrix Spike
— = Not Applicable

UG = Upgradicnt

§ RURIE ANMCO1
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TABLE 3-6

Sampling and Analysis Summary Table for Himco Dump

Phase |

Field QC Lab QC
- s Total
Sample IField DQO Lab DQO Fich) ( o Purpose
Matrix Parincters | Level | Paramcters ffevel | Lab  fSamples 3R BGTB**IFR [ FD [ Lab| LD | MSD*{ MS of Samplcs
EXISTING USGS Slug Test I Determine nature snd extent
WELL WATER Water Lesel 1 TCL VOA v cre " - |suG| 2 ] 2 27 - 2 2 | of contamination
it ] TCL INA v cLry n - JsugE < 2 2 27 - 2 2 Develop growndwater tahfe
Conductivity 1 TCL POCW/ 1w oLre 1] - jsugl - 2 2 27 - b 2 :'"l: . ol at i
) i TAL Metats(n | 1v oL ) - Isugl - r| 2] m 2 - 2 et fernalives
Temperature { {Votal ane Dis.
sotved)!
Water (Quantity$ v CLE SAS " - |sval - 2 2 27 Al - 3
con v CLP SAS 1} - fsugl - 2 2 b3 3 - 3
«t v CLI* SAS T} - Isvg - 2 2 b3 A - k]
S0y v CLP SAS 18 - [sugl - 2 2 17 3 - k]
NIty v CLP SAS " - |sugl - 2 2 27 k) - k]
NOZINOY v CLI SAS 18 - fsugl - 1 2 27 3 - a
TKN v CLP SAS 18 - {sugl - 2 2 27 3 - 3
™ \ CLP SAS 18 - |sugl - 2 2 27 ki - kK
ms v CLI SAS 1] - |suGp - 2 2 7 3 - -
TSS v CLISAS " - |sugl - ] ) 17 ] - -
alkatinity v CLP SAS 1 - {sugl - 2 2 27 B} - 3
hrambde, v CLI' SAS 18 - {suef - ) z 27 ] - 3
dissotved
f‘: OTES: . . . v * MS/MSD samples required for organic analysis. Aqucous samples Legend
2:::':::“)":"" cleaning protocol suhmitled with QAP (proundwaler, surface waler, leachate, private well water) shall becole BB = Bottle Blank
s Jected, with extra snmple volume at a frequency of one per 20 or fewer  BG = Rackpround Blank

LAssuine able fo access 6 abaadaned shallow wells,

Ylotal metals are defined as digestion and analysis of TAL
metals on an unfiltercd sample. Dissolved mefals nre de-
fined as digestion and analysis of ‘TAL metals on a sample

filtered in the field,
“Water quatity snalyses will he done on unfiliered sample ** Trip Blanks will he shipped ut . frequency of one per cooler of

except fnr hromide which will be lield fitered. agqueons/sorbent fubes containing aqueons/sorhent fube samples for
Page V. of T VOA anafysis,

investignfive sampies, Tripfe the normal voltme will he collected for
VOAs and doable the normal volume will e collecied for BNA and
1rC/ir,

! Growmlwatler chemical samples will be taken
quarterly. Four selts of the same number of
samplies glven above will) be taken,

TH = Trip Blank
FI8 = Field Mank
KD = Field Duplicate
LD = Lab Duplicate
MSD = Matrix Spike Duplicate
MS = Matrix Spike
- = Not Applicahle
UG = Uppradient [



TABLE 3-6

Sampling and Analysis Summary Table for Himco Dump
Phase 1

Field QC Lab QC
r . . Total
Samiple Field NQOo Lab DQO #iield to Purposc
Malrix Parameters | Level | Parameters [Level | Lab  {Samples no't G s FB |0 | Lab [ LD [MSD*| MS of Samples
PIMVATE WELL, pit ] TCL YOA \4 CLEPSAS § 12 Max? - - t 2 2 16 - 1 4 Determine nature snd extent of
WATER Conductivity 1 TCL UNA v CLPSAS | 12 Max? - - - 2 2 16 - 1 1 contamination
no ] TCL PCBA \4 CLEU SAS { 12 Max2 - - - 2 2 18 - 1 1 Fvaluate remedial alternatives
Temperature 1 TAL MetaldCN v CLP SAS | 12 Max2? - - - 2 2 113 t - 1 Risk Assessment
(Tolalp
Witer Qualityd v CLPSAS | 12 Mas? - - - 2 2 16 2 - 2

con v CLPPSAS | 12 Max? - - - 1 2 16 2 - 2

Ct v CLP SAS | 12 Max? - - - 2 2 16 2 - 1

St v CLPSAS | 12 Mav? - - - 2 2 16 2 - 2

NIt \4 CLP SAS | 12 Mnx? - - - 2 2 16 2 - 2

NtheNOy v CLP SAS | 12 Max? - - - 2 2 16 2 - 2

TKN v CLIP SAS | 12 Max? - - - 2 2 113 2 - 2

™ v CLP SAS | 12 Max2 - - - 1 1 16 2 - 2

DS v CLPSAS {12Max? | - - - 2 2 16 b - -

TSS v CLI SAS | 12 Max? - - - 2 2 16 2 - -

alkatinity v CLISAS | 12 Max2 - - - 2 2 19 2 - 2

bromide, \4 CLP SAS | 12 Max? - - - 2 2 16 2 - 2

dissolved

NOTES: * MS/MSD samples required for organic analysis. Aqucous samples Lepend

1Assume bottle cleaning protocol submitted with QAP

accepiable,

IAssume able to access 6 abandoned shallow wells,

ITotal metals are defined as digestion and analysis of TAL,

metals on an unfiiered sample. Dissolved metals are de-

fined as digestion and anafysis of TAL metals on a sample

filtered in the field.

Water quality analyses will be done on infiltered sample
except for hromide which will be ficld fittercd.

Page 4 of

(groundwater, surface water, leachale, private well waler) shafl be col-
lected, with extra sample vohine at a frequency of one per 20 or fewer
investigitive samples. Triple the normal volume will be collected for
VOAs and doubte the normal volume will be collected for BNA and
rcwe,

*¢Trip blanks will be shipped at a frequency of ane per conler of
agueons/sorbent tuhes containing aqueons/sorbent tube samples for
VOA analysis.

! Groundwater

quarterly.
namplen given above witl be taken.

rour

chemical

samples

sets  of

Lhe

will)

be

taken
same number of

BB = Bottle Blank
NG = Backpround Blank
TR = "Trip Blank
FI§ = Field Blank
FI) = Field Duplicate
LD = Lab Duplicate
MSD = Matrix Spike Duplicate
MS = Matrix Spike
— = Nol Applicahle
UG = Upgradient

XA ANCT



TABLE 3-0

Sampling and Analysis Summary Table for Himco Dump
Phase 1

Iield QC Fab QC
3 3 Iy Fotal
Sample Ficld DOQO Lab NOO Field to Purpose
Matrix Parameters | Level | Parameters [Fevel] Lab o (Samples TR*HEB D [ tab | LD [ MSD* MS of Samples
Somn. VOAs by HNU 1 1O VOA [AY cLe MM - - - - ] A - 2 2 Determine subsurface geology
FILON Hadinactivity 1 TCL BNA v oLr M M - - - - R} AR - 2 2 andd soil chemistey for evatuation
NIV WELL TCL PCRA tv e AN Y PTY - - - - 3 M - 2 2 of remedial slter nitises
INSTALLATIONS tv cLy 30 Max _ _ - - ) A 2 - 2 Nature amd extent of conts
tinn
100 v CLPSAS | 20NMax | - - - - - 20
Atterberp v CLIPSAS | 208000 ] - - - - - 20
tirnin Sise A2 CLP SAS | 20 Max - - - - - 0
Permenhility v CLISAS A My - - - - - 3
B N Tt g e ' TOL VoA w e ? S VS R T RS Y - ' 1| Determine if USGS wells suit-
' At " ";l eve ' TCL ANA v cLe 7 O B Y 1TH ] 1 12 - 1 1 | »hte for chemisiry
¢ ': tivity 1 TCL rCVE 1v e 7 - 3G - ] 1 [} - 1 1 Nature and extent of contami-
Aondectivity ' FAL MetalON | 1v cLp 7 S RN {TH t 1 12 1 - I | nation
Temperature 1 (Vobsh and Bhis. Risk assessment
solvedi?
Water Qrslity? v CLP SAS 7 N L LU H B 1 L} 1 2 - 2
con v CLP SAS 7 - jyugl - 1 ] 12 2 b
(N} \Y CLY SAS 7 B RALH - 1 1 12 2 2
S5O0 \4 CLP SAS 7 -~ v - | 1 [} 2 - 2
Nih v CLP SAS 1 B RILH - 1 1 12 2 - 2
NO2eNOY v CLP SAS 7 - |y - ! 1 12 2 - 2
NOTES: * MS/MSD samples reguired for organic analysis.  Aqucous saanples Legend
TAssume holtle cleaning protocol submitted with QAP (grosmdwater, surface water, leachate, private well water) shall be col- BB = Bottle Rlank
f‘f"“l"""'(‘- 3 . ) . fected, with exten sample volusie ot a freguency of one per 20 or fewer NG = Backproand Blank
Ilotal metals are defined as digestion and analysis of TAL investigative samples. ‘Triple the normal volume will be collected for T = “Frip Wank
metals on an anliltered sample. Dissolved mefals ave de. VOAS and double the normal volume will be collected for BNA and FI = Ficld BHank
fined as digestion and analysis of 'TAL melals on a sample roenne FD = Field Duplicate

LD = Lah Duplicate

filtered in the field. 4 .
*¢ Trip blanks will * » shipped at a frequency of one per cooler of MSD = Matrix Spike Duplicate

Nater guality nnalyses will he done on unfiltered sample Y : |
cxcept for hromide which will be field filtered. aqucons/sorhent fubes containing aqueons/sorbent tuhe samples for MS = Matrix Spike
VOA analysis, - = Not Applicahle
? UG = Upgradient

Page S of 7
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f Groundwater chemical samples will be taken
quarterly. Four sets of the same number of
samples given above will be taken.



TABL1 3-6

Sampling and Analysis Summary Table for Himco Dump

Phase 1

Ficlkd QC Lab QC
. . . Tolal
Sample Ficld DOQO Lab DQO Field to Purposc
Matrix Paramcters | Level b Parmcters [Level ] Lab [Samples BB BG[TB**[FB [ FD | Lab | LD | MSD*| MS of Samples
NEW WERLS TRN v | Ccrrsas 7 -~ fsue| - i 1 ] 2 2
GROUNDAWVATER 15 v | CLrSsAs 7 - |yue] - 1 1 ” 2 2
(CONTINUED) s \ CLP SAS 7 - lyvue] - | ! (}] 2 -
ISS v CLI' SAS 7 - fyue - 1 1 [} 2 -
ik 1y v CLESAS 1 -y - 1 1 12 2 2
hromide, A% CLP SAS 7 AR - 1 ] 12 2 2
dissolved
SURFACE WA TER Stalf Gange 1 TCL VOA W (AR 12 - - 1 2 2 16 - 1
(QUARRY, FISH pil 1 TOE BNA w cee 12 - - - 1 2 16 - i
PONDS) Conductivily 1 TCL benae v cLp [} - - - 2 2 16 - t ) . 5
(1] 1 TAL Metat/CN [ IV CLr 12 - - - 2 2 16 t [ Feological and human rick
Temperntme 1 (Yot 2 nssessment
Water Quality? v CLIP SAS 1? - - - 2 2 16 ] 1
con v CLP SAS 12 - - - 2 p] 16 2 2
ot \4 CLP SAS 12 - - - 2 2 13 2 2
St v CLP SAS 12 - - - b3 2 16 b 2
Nty v CLPE SAS [§] - - - 2 2 16 2 2
N2 NtH \Y CLISAS 12 - - - 2 2 16 2 2
TKN v CLE SAS [} - - - 2 2 16 2 2
w v CLE SAS 12 - - - 1 b4 16 b} 2
s v CLE SAS (} - - - 2 2 16 2 -
188 v CLE SAS 12 - - - 2 2 16 2 -
niknlinity v CLE SAS ”n - - - 2 2 14 2 2
browide, v CLI SAS 11 - - - 3 2 16 2 2
dissohved
NOTES: * MS/MSDH samples required for orpanic analysis.  Adqucous samples Lepend
TAssume bottle cleaning protocol submitted with QAPP (gromndwater, surfiace waler, keachle, private well water) shall be col- l|||‘ = Bottle Blank
acceplable, lected, with extra sample volume at a frequency of one per 20 or fewer ,"_(' '—'."“.“kl!"""“" Biank
2Totmd metals nre defined ns digestion and manlysis of ‘TAL investipafive samples. ‘Triple the normal volnme will be callected for B ="Trip Blank
metals on an unfiltered sample. Dissolved metals are de- VOAs and doubie the normad volume will be coltected for BNA and “; = “:::: =‘)|l’l'|')l'ilcnle
ox . Ny - N
fined ns digestion and analysis of ‘TAL metals on o sample 1rCnae. LD = Lah Duplicate

filtercd in the ficld.
. . SO . .
MWalter gquatity analyses will he done on unfiltered sample Veip bianks will be shipped a1 a frequency of one per covler of

excepl for hromide which will be ficld filtered. aqueons/sorbent fubes conlaining agqueous/sorbent (ube samples for
I"age 6.0f 1 YOA analysis.

MSD = Matrix Spike Duplicate
MS = Malrix Spike
- = Not Applicable
UG = Upperadient # KITIRAIMCDS




TABL.. 3-6

Sampling and Analysis Summary Table for Himco Dump
Phasce |

tAssume hottle cleaning protocol submitted with QAP

acceptable,

Page 7.0l 7.

(groundwater, surface water, leachate, private well water) shall be col-
tected, with extra sample volume at a frequency of one per 20 or fewer
investipative samples, Friple the normal volume will be collected for
VEAs and double the normal volume will be collected for BNA and

rowm.

**Irip blanks will be shipped at a frequency of one per cooler of
agncous/sorhent (uhes conlaining agqueons/sorhent fube samples for
YOA amalysis.

Fickd QC 1.ab QC

. . . Total

Sample IYicld DO Lab NOO Fiekd to Pumpose

Matrix Parameters | Tevel Trameters [Level [ Lab  [Samples B BGIB**[EB L ED [ Lab| LD [MSD*| MS of Samplcs
SEDIMENT TCL VOA v [ 12 - - - - 2 14 - 1 1
(GUARRY, IS8T TCL BNA v oLre 12 - - - - 2 14 - 1 ! Feotogical and human risk
PONDS, WETLANDS) TCL e v our 12 - - - 2 14 - 1 ) nesessment

TAL Metalh/CN |1V cLe 12 - - 2 14 1 - 1
WETLAND SO, TCL VOA 1A% «cr 16 - - - - 2 1) - 1 1 Ecological and human rick
(GRAVEL PIT AREA TCL BNA W cLe 1 - - - 2 18 - 1 I assessment
(6), WETLAND TCL renr [AY CLr 16 - - - - 2 18 - 1 1
REMNANT (4), OFF- TAL Metal/ON |1V e 16 - - - - 2 1] i - |
SITE NW AREA (6)
RESIDENTIAL Methane 1 Determine if landfitl gas
BASEMENT ARt Hydragen 1 migrating off-site
Sulfide

NOTES: * MS/MSD samples required for organic analysis.  Aqueous samples Lepend

BB = Bottle Biank

R = Backpround Blank
TH = Trip Blank

FI = Ficld Blank

FD = Ficld Duplicate
1.D = Lah Duplicate
MSD = Matrix Spike Duplicate

MS = Maitrix Spike
Not Applicable
= Uppradicont

uG
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4.0 PROJECT ORGANIZATION AND RESPONSIBILITY

At the direction of the Region V Remedial Project Manager (RPM), with final
authority by the Region V Regional Project Officer (RPO), Donohue has overall
responsibility for the RI/FS. Donochue will perform the field investigations
and prepare the RI and FS reports. A project organization chart is presented
in Figure 4-1. Specific duties of field team members are described in
Section 3.0 of the FSP.

4.1 MANAGEMENT RESPONSIBILITIES

Operational responsibilities involving execution and direct management of the
technical and administrative aspects of this project have been assigned as
follows:
° Patricia Vogtman

Regional Project Officer (RPO)
U.S. EPA Region V

Robert Lance
Remedial Project Manager (RPM)
U.S. EPA Region V

Roman Gau
ARCS Project Manager (PM)
Donohue & Associates, Inc.

Vanessa A. Harris
Site Manager (SM)

Donohue & Associates, Inc.

4.2 QA ORGANIZATION

Tasks Responsible Organization/Personnel
° Final review and U.S. EPA Region V RPM
approval of RI/FS QAPP U.S. EPA Region V QA Officer
° QA program for CLP; U.S. EPA Hdqtrs. OERR
RAS/SAS performance and U.S. EPA Sample Mgmt. Office
systems audits for U.S. EPA Region V CRL LSSS
CLP RAS/SAS U.S. EPA EMSL - Las Vegas, QA Div.
including evidence audits NEIC Evidence Audit Team (Techlaw,



EPA RPO
P. Vogtman

EPA RPM
R. Lance

Project Manager

R. Gau

EPA QA [ EPA CRL
Officer
V. Jones C. Ross

| Remedial Investigation
Leader
M. Kuehl

Field Team Leaders

R. Stenson
T. Puchalski

o kR Safety Officer

Feasibility Study
Leader

S. Shultz

Donohue

Site Manager
V. Harris

Quality Assurance
Team Leader

M. Crosser

Site Quality
Control Officer
C. Fruehe

Health and

P. Markelz

Assistant Health
and Safety Officer
D. Richardson

Community Relations
S. Reith

June 1990 PROJECT ORGANIZATION

HIMCO DUMP

ELKHART, INDIANA

Engineersm ArchitectsaScientists

L . A

18PHIMCO FIG 4-!

FIGURE 4-1
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Internal QA review and
approval of reports, SOPs,
and field activities;

identifying and documenting

non-conformance and
corrective actions.

Evidence audits of
field records

Approval of drilling sub-
contractor

4.3 FIELD OPERATIONS

° Sample collection and

field measurements

On-site audits

4.4 LABORATORY OPERATIONS

° Initiation of RAS reguest

to RSCC

U.S. EPA Region V contract
administration of CLP RAS

Data assessment of CLP
RAS data including
tentatively identified
compounds

Initiation of SAS regquest
to RSCC

Preparation of SAS
request forms

Contact for CLP
RAS/SAS services
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Donohue Technical Services/Quality
Assurance Manager (TSQAM)

Donohue TSQAM and NEIC Evidence
Audit Team (Techlaw, Inc.)

U.S. EPA Region V RPM
U.S. EPA Region V RPO

Donohue SM and
U.S. EPA Region V RPM

Donohue TSQAM

U.S. EPA Central District Office
(CDO) and/or U.S. EPA Central
Regional Laboratory (CRL)

Donohue authorized requester(s)

. EPA Region V CRL LSSS

. EPA HQ OERR

EPA Sample Management Office
EPA EMSL - Las Vegas

. EPA Region V CRL LSSS

caocccac
nmnununpy

U.S. EPA Region V CRL LSSS and
Donohue CLP Coordinator/Data
Validator

Donohue authorized requester(s)
Donchue CLP Coordinator/Data

Validator

U.S. EPA Region V CRL LSSS, RSCC
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° Geotechnical Analysis of soil CLP SAS Laboratory
samples (grain size, Atterberg
Limits, organic carbon,
permeability, consolidation,
triaxial shear)

° Review and approval U.S. EPA Region V CRL LSSS
of CLP SAS U.S. EPA Region V Quality Assurance
Officer

U.S. EPA Region V RPM

4.5 FIELD MEASUREMENTS

Donohue is responsible for documenting calibration and maintenance of field
equipment, including pH and conductivity meters, dissolved oxygen meter, ENu,
radioactivity survey meter, electromagnetic survey (EM31l) meter, thermometers,
and staff gauges. Donohue will also be responsible for documenting calibra-
tion and maintenance of the sampling pumps and field methane/hydrogen sulfide
meter used to perform the waste mass gas investigation.

Final review and approval of field measurement and calibration procedures as
described in the QAPP Appendices D and E are provided by the U.S. EPA Region V
QA Officer, U.S. EPA CRL Director, and U.S. EPA Region V RPM. U.S. EPA Region
V CRL and/or CDO is responsible for any identified performance and systems
audits of field operations.
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5.0 QUALITY ASSURANCE OBJECTIVES

5.1 INTRODUCTION

The overall Quality Assurance (QA) objective is to develop and implement
procedures for field sampling, chain of custody, laboratory analysis, and
reporting that will provide a design that is legally defensive in a court of
law. Specific procedures to be used for sampling, chain of custody, calibra-
tion of field instruments, laboratory analysis, reporting, internal quality
control, audits, preventive maintenance, and corrective actions are described
in other sections of this Quality Assurance Project Plan (QAPP). The purpose
of this section is to address the specific objectives of accuracy, precision,
completeness, representativeness, and comparability.

$.2 FIELD QA SAMPLES

5.2.1 Bottle Blanks

The purpose of bottle blank samples is to assess the cleanliness of sample
containers used in collecting field samples. Donohue proposes to use the
bottle preparation protocols as contained in Appendix C. Bottles will be
obtained from a vendor with previous participation as a bottle supplier to the
National CLP Bottle Repository. Results of each case of bottles tested will
be kept in the Donohue project file. 1In order for the case of bottles to be
acceptable, test results must indicate no compounds are present above the
method detection limit. Bottle blanks for water quality parameters will be
assessed by filling one bottle of each lot with distilled water. The filled
bottles will then be submitted to the CLP SAS laboratories labelled as a
field sample. Bottle blanks for geotechnical analytes are not applicable.

5.2.2 Trip Blanks

Trip blanks will be collected to assess if any volatile organic contamination
occurs during aqueous sample packaging and shipping. Trip blanks will be
prepared by Donohue at their field supply storage facility by £filling two

40 ml volatile vials completely with organic-free deionized water and shipped
with the empty sample bottles to the field. The vials will remain capped
during the sampling event and will accompany the aqueous samples collected and
shipped for analysis. If detectable volatile organics are reported in the
trip blanks, data will be assessed based on the criteria contained in

Section IV of the "Laboratory Data Validation Functional Guidelines for
Evaluating Organics Analyses," U.S. EPA, February 1, 1988.
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5.2.3 Field Blanks

Field blank samples will be collected at a frequency of one per 10 or fewer
aqueous samples and analyzed to check for procedural contamination from
sampling equipment and/or ambient site conditions. Field blanks are collected
by pouring distilled water through the decontaminated sampling equipment
(bailer, bucket, pond sampler) into the appropriate sample bottles. Field
blanks associated with field filtered groundwater analyzed for TAL total
metals will also be filtered through a 0.45 micron filter. Assessment of the
impact of detectable concentrations on site sample results will be done in
accordance with Section IV of the "Laboratory Data Validation Functional
Guidelines for Evaluating Organics and Inorganics Analyses," U.S. EPA
February 1, 1988 and July 1, 1988.

5.2.4 Field Duplicates

Field duplicate samples are collected at a frequency of one per 10 or fewer
site samples and analyzed to assess the variability of sample collection tech-
nigques and sample homogeneity. Both field and lab precision are assessed by
field duplicate results, and greater relative percent difference (RPD) than
lab duplicates is expected. No specific EPA criteria exist for field dupli-
cate comparability, and data are not invalidated based on field precision.

5.2.5 Background Samples

Background samples will be collected beyond the Himco Dump Site boundaries to
determine upgradient groundwater quality and native soil gas characteristics.
Five existing upgradient wells will be sampled as well as three newly
installed upgradient wells for a total of 27 percent of the monitoring
network. This number of wells is needed to statistically determine the
upgradient groundwater quality, since past data indicated variable upgradient
contaminaticn that may be from other sources.

An off-site wetland location where no known volatile organic contamination or
waste disposal has occurred will be sampled for soil gas to determine if any
background naturally occurring levels of methane, hydrogen sulfide, or vola-
tile organics exist.

5.3 LABORATORY QC SAMPLES

Chemical analyses will be performed using the organic and inorganic CLP RAS
analytical procedures and SAS procedures in Appendix A. The levels of labora-
tory QC effort for CLP RAS procedures are specified in the applicable State-
ments of Work (SOWs) for organics, February 1988, with revisions dated
September 1988 and April 1989, and inorganics, July 1988. Specific laboratory
QC samples for SAS parameters are included in each SAS request in Appendix A.
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The QA objectives for precision, accuracy, and sensitivity are to achieve the
QC acceptance criteria for the proposed analytical procedures. For the
organic and inorganic procedures, the precision and accuracy guideline
requirements are specified in the Statements of Work (SOWs). For the SAS
procedures, the precision and accuracy requirements are provided in

Appendix A. Specific laboratory QC measures cited in the SOWs are discussed
in Sections 5.3.1 - 5.3.4 below.

5.3.1 Surrogate/Matrix Spikes - Organics

Because of the large number of organic parameters and potential matrices, it
is difficult to develop precision and accuracy objectives and control limits
for every organic parameter in every matrix. Therefore, it is necessary to
extrapolate this information from a more limited set of compounds. This is
typically done with (1) surrogate spike compounds which are added to every
sample before extraction and analysis, and (2) matrix spike and matrix spike
duplicate compounds which are added to selected samples before extraction and
analysis. Although the surrogate and matrix spike analyses do not provide
statistically valid statements about precision and accuracy for every compound
in a sample, they do give the data reviewer enough information to make quali-
tative judgments about precision and accuracy on a sample-by-sample basis.

The recoveries of the surrogate and matrix spike compounds can also be used to
accept or reject data. The recoveries of the surrogate are also used as
criteria to re-analyze the sample or series of samples in accordance with SOW
Section 4.3.2.

5.3.2 Lab Duplicates - Inorganics

For a duplicate sample analysis, at least one duplicate sample will be
analyzed from each group of samples of a similar matrix type (i.e., water,
s0il) and concentration (i.e., low, medium) for each batch of samples or for
each 20 samples received, whichever is more frequent. Samples identified as
field blanks can NOT be used for duplicate sample analyses. If two analytical
methods are used to obtain the reported values for the same element for a
batch of samples (i.e., ICP, GFRA), duplicate samples will be run by each
method used. The relative percent difference (RPD) for each component will be
calculated for use during data assessment.

The results of the duplicate sample analyses will be reported. An advisory
limit of +20% for RPD will be used for sample values greater than five times
the contract required detection level (CRDL). A control limit of + the CRDL
will be used for sample values less than five times the CRDL, and this control
limit (+CRDL) will be entered in the "Control Limit." If one result is above
the 5 x CRDL level and the other is below, the +CRDL criteria will be used.

If either sample value is less than the CRDL, the RPD is not calculated and is
indicated as "NC".
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5.3.3 Field Blanks

For field blank analysis, at least one field blank sample will be collected
and analyzed for each group of parameters of a similar matrix. If two analyt-
ical methods are used to obtain the reported values for the same element for a
batch of samples (i.e., ICP, GFAA), field blank samples will be run by each
method used. The concentration for each component will be calculated for use
during data assessment.

5.3.4 Matrix Spikes - Inorganics

The matrix spiked sample analysis is designated to provide information about
the effect of the sample matrix on the digestion and measurement methodology.
The spike is added before the digestion and prior to any distillation steps.
At least one spiked sample analysis will be performed on each group of samples
of a similar matrix type (i.e., water, soil) and concentration (i.e., low,
medium) for each batch of samples or for each 20 samples received, whichever
is more frequent. Samples identified as field blanks can NOT be used for
spiked sample analysis. If two analytical methods are used to obtain the
reported values for the same element for a batch of samples (ICP, flame ARA)
spiked samples will be run by each method used. If GFAA is used, each sample
is analyzed in triplicate which includes a duplicate and matrix spike. Matrix
spike analysis of each sample is necessary to assess if any matrix effects are
present. If the spike recovery is not within the limits of 75% to 125%, the
data of all samples received associated with that spiked sample will be
flagged with the letter "N". An exception to this rule is granted in situa-
tions where the sample concentration exceeds the spike concentration by a
factor of four or more. 1In such a case, the spike recovery should not be
considered, and the data shall be reported unflagged even if the percent
recovery does not meet the 75% to 125% recovery criteria. 1In the instance
where there is more than one spiked sample per matrix per batch, if one spike
sample recovery is not within contract criteria, all samples of the same
matrix in that batch will be flagged. The individual component percent
recoveries (%R) will be calculated and reported.

5.4 FIELD MEASUREMENT AUDITS

The accuracy of field measurements of pH, specific conductance, temperature,
dissolved oxygen, methane, hydrogen sulfide, volatile organics by HNu, elec-
tromagnetic conductivity, and radioactivity will be addressed through pre-
measurement calibrations and post-measurement verifications in the field.
Specifics of calibration of these instruments are contained in Appendix D and
the procedure to be used to conduct the measurements are contained in the SOP
in Appendix E.
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The pH accuracy will be assessed by performing two measurements on three
standard buffer solutions. Each measurement will be within +0.05% standard
unit of the certified value for the buffer solutions. Precision will be
assessed through replicate measurements on field samples. The standard devia-
tion of four replicate measurements must be less than or equal to 0.1 standard
unit. The electrode will be withdrawn, rinsed with deionized water, and
re-immersed between each replicates. Calibration and verification will be
done in the field before the first replicate and after the last. The instru-
ment used will be capable of providing measurements of 0.01 standard unit.

Specific conductance will be measured using a conductivity meter. The meter
will be read to the nearest 10 umhos/cm within a range of 0 to 20,000 umhos/
cm. Accuracy of measurements shall be +5 percent of a standard. Precision

shall be a standard deviation of +10 percent.

Temperature will be measured using a thermometer with a range of -2° to 50°C
and with divisions of 1.0°C. Accuracy of measurement will be +0.5°C. The
thermometer will be calibrated against an ASTM thermometer.

Dissolved oxygen accuracy and precision will be accomplished by the water
saturated air calibration procedure recommended by the manufacturer. The
accuracy is expected to be + 0.2 mg/l at the calibration temperature. Dupli-
cate analyses are expected to agree within +0.1 mg/l.

Methane (CH4) and hydrogen sulfide (H;S) analyses will be accomplished through
use of a continuous monitoring device. Calibration using a known concentra-
tion of CHy and H;S will be done each day before use. A background reading
will also be taken.

The HNu used for field screening volatile organic concentrations will be
calibrated each day before use according to the manufacturer's specifications
using a certified calibration gas containing 35 ppm isobutylene. The HNu
should be calibrated to read 35 ppm at a span setting of 9.8 (10.2 ev lamp).
Background readings will be taken and recorded daily from an off-site
location.

The electromagnetic (EM-31) terrain conductivity meter precision is dependent
on field conditions and is susceptible to cultural interference such as power
lines, fences, metallic debris, etc. Goals are +2 percent for EM-31 full-
scale values. A base station will be established on-site to conduct equipment
calibration and function checks and to monitor equipment performance period-
ically during the field study.

Radiocactivity meter calibration is initially performed and checked annually by
the manufacturer. A portable check source may be used daily before field use.
A background location will also be monitored daily for gross alpha, beta,
gamma and X-ray radiation.
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The pressure transducer used in the slug test will be set to the correct depth
using the data logger. Data logger accuracy will be checked using on internal
troubleshooting program.

The staff gauge increments will be verified against a reference rule and all
measurements will be read from a consistent location on the bank.

Personal sampling pumps used to collect waste mass gas samples will be cali-
brated before each day's use against a soap bubble flow meter.

5.5 ACCURACY, PRECISION, AND SENSITIVITY OF ANALYSES

All samples will be analyzed using the CLP. Residential well samples will be
analyzed by the CLP or CRL. CLP analysis of residential well samples will be
done through a standardized SAS protocol developed by Region V. CRL analysis
will be done using the CRL methods and Quality Assurance program. The level
of QA effort for the CLP RAS analyses are specified in the CLP SOWs. In addi-
tion to routine CLP organic and inorganic analyses, SAS will be used to
analyze samples for water quality parameters. These parameters and their
respective QA objectives are contained in Appendix A. Soil samples will be
analyzed by a SAS laboratory for physical tests by the ASTM methods contained
in Appendix A. Sorbent tube samples from waste mass gas sampling will be
analyzed by the SAS program for volatile organics.

5.6 COMPLETENESS, REPRESENTATIVENESS AND COMPARABILITY OF ANALYSES

5.6.1 Completeness

Completeness is defined as a measure of the number of samples actually
collected compared to the number of samples required for characterization of
an environmental condition and/or the amount of valid data obtained from the
measurements system compared with the amount of data that was expected under
normal conditions. This QA criterion is expressed in percentage. The
completeness for sample collection will be 95 percent or better. The data
completeness will be 100 percent for residential well samples, and 95 percent
or better for other samples.

5.6.2 Representativeness

Representativeness is a measurement of the degree to which the data accurately
and precisely represent a characteristic of a population, parameter variation
at a sampling point, or an environmental condition. Representativeness is a
qualitative criterion which is associated with the proper design of the
sampling and analysis program. The data highly representative of this site
will be achieved by performing all field sampling and measurements and labora-
tory analysis in a standardized manner and strictly adhering to the procedures
specified in this QAPP, the Field Sampling Plan, and the Work Plan.
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5.6.3 Comparability

Comparability is a qualitative criterion measuring the confidence with which
one set of data can be compared with another. For this project, the data
comparability will be achieved by the following:

a) Analytical results will be reported in appropriate units.

b) Same or similar sampling procedures used in the E&E 1984 field
investigation will be used.

c) Same or equivalent analytical procedures used for the E&E 1984
investigation will be used.

d) Similar quality assurance and quality control requirements will be
observed, since the CLP program will be used as it was in the E&E
1984 study.
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6.0 SAMPLING PROCEDURES

The media to be sampled in the RI include landfill cap soil, landfill waste,
waste mass gas, leachate, groundwater, residential well water, soil, surface
water, and sediment. A complete description of sampling procedures is
provided in the Field Sampling Plan (Volume 2).
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7.0 SAMPLE CUSTODY PROCEDURES

7.1 INTRODUCTION

It is Donohue policy to follow the U.S. £PA Region V sample custody, and
chain-of~custody protocols as described in "NEIC Policies and Procedures,”
EPA-330/9-78-001~R, revised June 1985. This custody is in three parts:

sample collection, laboratory analysis, and final evidence files. Final
evidence files, including all originals of laboratory reports and purge files,
are maintained under document control in a secure area.

A sample or evidence file is under custody if it:

is in the possession of the sampler/analyst;

is in the view, after being in the possession of the sampler/analyst;
is in the possession of and then placed in a secured location; or

is in a designated secure area.

* % % »

7.2 FIELD-SPECIFIC CUSTODY PROCEDURES

Documentation to be used for field collection and field sample tracking proce-
dures are contained in each matrix specific documentation section in the Field
Sampling Plan. The sample packaging and shipment procedures summarized below
will insure that samples will arrive at the laboratory with the chain of
custody intact.

Field procedures are as follows:

(a) The field sampler is personally responsible for the care and custody
of the samples until they are transferred or properly dispatched. As
few people as possible should handle the samples.

(b) All bottles will be tagged with sample numbers and locations. The
Sample Management Office (SMO) number and stickers will be affixed.

(c) Sample tags as in Figure 7-1 are to be completed for each sample
using waterproof ink unless prohibited by weather conditions. For
example, a logbook notation will explain that a pencil was used to
fill out the sample tag because the ballpoint pen would not function
in freezing weather.

(d) The Donohue Site Manager must review all field activities to deter-
mine whether proper custody procedures were followed during the field
work and decide if additional samples are required. The Site Manager
should notify the U.S. EPA RPM of a breach or irregularity in chain-
of-custody procedures.



Figure 7-1
Sample tag and Custody Seal

Each cooler should have 2 COC seals applied

U.S ENVIRONMENTAL PROTECTION AGENCY
REGION V
OFFICIAL SEAL

No. 13400

Sample Tag

mml ﬂlﬂlh' Moath/Day/Year

""lm"‘""a-

S
I it A

o)

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

REGION 5

230 South Dearborn Street
Chicago, Dlinois 60604

O
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Transfer of custody and shipment procedures are as follows:

(a)

(b)

(c)

(d)

(e)

Samples are accompanied by a properly completed chain-of-custody
form. The sample numbers and locations will be listed on the chain-
of-custody form (Figure 7-2). When transferring the possession of
samples, the individuals relinquishing and receiving will sign, date,
and note the time on the record. This record documents transfer of
custody of samples from the sampler to another person, to the RAS and
SAS laboratory, or to/from a secure storage area.

Samples will be properly packaged for shipment and dispatched to the
appropriate laboratory for analysis, with a separate signed custody
record enclosed in each sample box or cooler. Shipping containers
will be locked and secured with strapping tape and EPA custody seals
(Figure 7-1) for shipment to the laboratory. The preferred procedure
includes use of a custody seal attached to the front right and back
left of the cooler. The custody seals are covered with clear plastic
tape. The cooler is strapped shut with strapping tape in at least
two locations.

When samples are split with a source or government agency, a separate
sample receipt (Figure 7-3) is prepared for those samples and marked
to indicate with whom the samples are being split. The person relin-
quishing the samples to the facility or agency should request the
representative's signature acknowledging sample receipt. If the
representative is unavailable or refuses, this is noted in the
"Received By" space.

2ll shipments will be accompanied by the chain-of-custody form
identifying the contents. The original record will accompany the
shipment, the pink copy goes to SMO, and the yellow copy will be sent
to the RSCC.

If the samples are sent by common carrier, a bill of lading should be
used. Receipts of bills of lading will be retained as part of the
permanent documentation. If sent by mail, the package will be
registered with return receipt requested. Commercial carriers are
not required to sign off on the custody forms as long as the custody
forms are sealed inside the sample cooler and the custody seals
remain intact.

7.3 LABORATORY CUSTODY PROCEDURES

The chain-of-custody procedures for the CLP are described in the February 1988
and July 1988 SOWs. This same custody procedure applies to the chemical
analysis of samples through the CLP SAS mechanism.



FIGURE 7-2
CHAIN OF CUSTODY FORM
ENVIRONMENTAL PROTECTION AGENCY REGION 5
Office of Enforcement 230 South Dearborn Street
) CHAIN OF CUSTODY RECORD Chicago, INinois 60604
PROJ. NO. | PROJECT NAME

NO.

OF
SAMPLERS: (signature) CON-

TAINERS

STA. NO.| DATE | TIME 3 3 STATION LOCATION REMARKS

Relinquished by: (signature) Date/Time | Received by: (signature) Relinquished by: (signaiure) Dalcmmer Received by: (signatwre)

Relinquished by: (signature) Dale(’hmc Received by: (signature) Relinquished by: (signature) Dalzr‘lmc Received by: (signature)

Relinquished by: (signarure) | Date/Time | Received for Laboratory by:

Date/Time Remarks
I (signature)




ENVIRONMENTAL PROTECTION AGENCY
Office of Enforcement

NATIONAL ENFORCEMENT INVESTIGATIONS CENTER
Building 53, Box 25227. Deaver Federal Center
Deaver, Colorado 80225

FIGURE 7-3
RECEIPT FOR SAMPLES AND DOCUMENTS
Name of Facility PROJ. NO.
Facility Location

RECEIPT OF THE DOCUMENT(S) AND/OR SAMPLE(S) DESCRIBED 1S HEREBY ACKNOWLEDGED
NO. DESCRIPTION
Transferred by (Signature) RECIPIENT SIGNATURE
NAME NAME
TITLE DATE SIGNED TITLE DATE SIGNED

Distribution Original to Coordinator Field Files. Copy ®© Facility N 1232
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7.4 FINAL EVIDENCE FILES CUSTODY PROCEDURES

Donohue maintains RI files along with all relevant records, reports, logs,
field notebooks, pictures, subcontractor reports, bottle testing results, and
the Laboratory Scientific Support Section (LSSS) of CRL's data reviews in a
secured, limited-access area and under custody of the Donohue Site Manager.

The final evidence files from the CLP are maintained by Region V CRL LSSS Data
Coordinator.
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8.0 CALIBRATION PROCEDURES AND FREQUENCY

8.1 FIELD INSTRUMENTS

Field maintenance and proper documentation are important parts of the moni-
toring program. Before mobilization to the field, all equipment must be
checked for malfunctions and cleaned. In addition, all meters must be cali-
brated by the sampling team on-site to ensure proper working order and to
render integrity to the measured values. Calibration procedures provided by
the manufacturer will be followed for the HNu, pH meter, conductivity meter,
dissolved oxygen meter, radiological survey meter, and gas monitor. These
procedures are attached as Appendix D.

The Site Quality Control Officer is responsible for maintaining the field
meter calibration log for field instruments (Appendix A of the FSP). This log
contains the same information as that for permanent lab instruments (EPA ID
number, name, and model of meter). The log also contains calibration results
and notes for each day of equipment use. Documentation shall include:

° pate of calibration.

° 1Initials of person performing calibration.

° calibration results.

8.2 LABORATORY INSTRUMENTS

Laboratory calibration procedures and frequency will be done in accordance
with each laboratory SOW and the individual CLP SAS requests in Appendix A.
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9.0 ANALYTICAL PROCEDURES

Analytical procedures to be used for the EHimco Dump RI are:

° CLP RAS inorganics and organics methods for all enforcement, litiga-

tion, and evidentiary data as contained in SOW-February 1988 and SOwW-
July 1988.

SAS methods supplied by EPA Region V for physical soil tests (grain
size, Atterberg limits), residential well analysis, organic carbon in
soil, sulfate, chloride, nitrate and nitrite, chemical oxygen demand,
total phosphorus, alkalinity, total suspended solids, total dissolved
solids, total Kjeldahl nitrogen, ammonia, and volatile organics in
sorbent tubes.

USGS procedure for bromide as contained in Appendix A ~ SAS Request
prepared by Donohue.

ASTM analytical procedures for physical soil tests (permeability,

consolidation, triaxial shear) as contained in Appendix A - SAS Request
prepared by Donohue.

9.1 ROUTINE ANALYTICAL SERVICES (RAS) LABORATORY PROCEDURES

The current EPA CLP Statement of Work (SOW) for Organics, February 1988, with
revisions dated September 1988 and April 1989 and the SOW for Inorganics
Analysis, July 1988, specify the analytical procedures to be used. Included
in the SOW are sample custody procedures, instrument calibration procedures,
and frequency of calibration. Due to the expected percent levels of calcium
expected in the landfill cap soil samples, calcium data obtained through the
CLP inorganic SOW for these samples may not be valid.

9.2 SPECIAL ANALYTICAL SERVICES (SAS) LABORATORY PROCEDURES

The analytical procedures to be used for performing the SAS analyses are
specified in each SAS request in Appendix A. Specified in the SAS requests
are calibration procedures, frequency of calibration, and the internal quality
control checks required for each analysis.

9.3 FIELD SCREENING ANALYTICAL PROCEDURES

The procedures for field measurements are described in the SOPs contained in
Appendix E. Field measurement of groundwater, surface water, and leachate for
pH, conductivity, dissolved oxygen, and temperature will be done. Field
measurement of waste mass gas methane and hydrogen sulfide concentrations will
be performed during the RI. Screening of soil samples for volatile organics
by HNu and radicactivity will also be conducted.
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10.0 INTERNAL QUALITY CONTROL CHECKS

10.1 RAS INTERNAL QUALITY CONTROL CHECKS

Internal quality control procedures for RAS from the CLP are specified in the
SOWs for organics and inorganics as well as in the methods descriptions.

These specifications include the types of QC checks required (method blanks,
reagent/preparation blanks, matrix spike and matrix spike duplicates, calibra-
tion standards, internal standards, surrogate standards, the frequency of each
audit, the specific calibration check standards, laboratory duplicate/repli-
cate analysis), compounds and concentrations to be used, and the quality
control acceptance criteria for these audits.

10.2 SAS INTERNAL QUALITY CONTROL CHECKS

Quality control checks for SAS are identified in the SAS requests in
Appendix A.

10.3 FIELD MEASUREMENT

QC procedures for field measurements are limited to checking the reproduc-
ibility of the measurement by obtaining multiple readings on a single sample
or standard and by calibrating the instruments. Assessment of field sampling
precision and bias will be made through collection of field duplicates and
field blanks in accordance with the applicable procedures described in the FSP
at the frequency indicated in the Sampling and Analysis Summary (Table 3-5).

10.4 INTERNAL AUDIT PROCEDURE

The TSQAM is responsible for planning, scheduling, and coordinating evalua-
tions by the Donohue Technical Advisory Committee (TAC) of internal QC checks
performed in accordance with the QAPP. The TAC will evaluate the procedures
performed by field personnel in accordance with the FSP and QAPP. This evalu-
ation will include review of the following:

® Ppossession and use of the latest approved procedure(s), standards,
and/or project-specific instruction(s).

Conformance with appropriate procedures, plans, standards, and
instructions.

Identification, accuracy, and completeness of paperwork generated
during performance.
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11.0 DATA REDUCTION, VALIDATION, AND REPORTING

11.1 DATA REDUCTION

RAS organic and inorganic results will be reported using the Organic Analysis
Data Sheets (OADS) and Inorganic Analysis Data Sheets (IADS). used by the CLP.
The data package will contain all deliverables listed in the CLP SOWs. Soil
values will be reported on a dry weight basis. SAS analyses will be reported
in accordance with the SAS deliverables listed on separate forms, to include
EPA sample number and description, date of analysis, analyte(s), detection
limit(s) in the sample matrix analyzed, appropriate units, and data flags
appropriate to the analyses. RAS and SAS result forms and data packages will
be submitted to EPA Region V LSSS.

Following validation by EPA of the RAS and SAS data packages, reduced data
will be forwarded to the Donohue Site Manager along with the EPA data review.
The data will include the analytical results reported and any data flags
provided by the laboratory and data reviewer., Data flags may include:

(1) estimated concentration due to poor spike recovery, (2) concentration of
chemical also found in lab blank, and (3) concentration below required detec-
tion limit. Data qualifier codes specified in the CLP SOW may also be used.
Reviewer comments may include: (1) usable as a guantitative result, (2) usable
with caution as an estimated concentration, and (3) unusable due to out-of-
control QC results.

11.2 DATA VALIDATION

Validation will be accomplished by comparing the contents of the data packages
and QA/QC results to the requirements contained in RAS and SAS methods. Raw
data such as GC/MS chromatograms and mass spectra, ICP and GFAA data reports,
and data station printouts will be examined to ensure that reported results
are accurate. The EPA LSSS will be responsible for this. The protocol for
RAS analyte data validation as presented in "Functional Guidelines for Evalua-
tion Organic and Inorganic Analyses" will be used.

11.3 DATA REPORTING

11.3.1 RAS Data

The RAS analytical laboratories will prepare and submit full analytical and QC
reports to EPA Region V in compliance with requirements of the CLP to include
the following (as applicable):

1. Narrative including statement of samples received, description of any
deviations from RAS standard procedures, explanation of qualifica-
tions regarding data quality, and any other significant problems
encountered during analysis.
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Up to 20 extractable organic compounds not included in the RAS
analytes, tentatively identified and gquantified against the nearest
internal standard.

An organic QA/QC report including Forms I to X, surrogate spike
results for each sample, matrix spike, and matrix spike duplicate
results, method blank results, initial and continuing calibration
checks.

An inorganic QA/QC report including Forms I to XIII, spike and dupli-
cate results, method blank results, and initial and continuing
calibration checks.

Field and laboratory chain-of-custody documentation pertaining to
each sample delivery group analyzed.

SAS Data

The SAS analytical laboratories will prepare and submit data packages to EPA
Region V in compliance with the specific deliverables listed in Section 9 of
the SAS request in Appendix A which include the following (as applicable):

1.

Narrative including a listing of samples received with test procedure
reference (ASTM or EPA) listed.

All handwritten raw data, computer spreadsheets, and instrument
printouts sufficient to allow independent calculation of results
reported.

All calibration curves, bench records of reagent standardization,
results of laboratory blanks, duplicates, matrix spikes, EPA QC
reference samples with true values and associated 95 percent confi-
dence limits.

Field and laboratory chain-of-custody documentation pertaining to
each case of samples analyzed.
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12.0 PERFORMANCE AND SYSTEMS AUDITS

12.1 INTERNAL AUDITS

Systems audits of on-site field collection activities will be conducted. The
audits will include verification that approved procedures are in place and
used, that an acceptable calibration program is operational, that an organiza-
tional structure is in place and personnel responsibilities are clearly
defined, that a training program for personnel is documented and current, that
the chain-of-custody program and records retention program are adequate, and
that corrective actions are taken by field personnel in a responsive and
timely manner.

Before field activities start, and/or shortly after systems are operational,
the Technical Advisory Committee (TAC) will conduct a field sampling system
audit on-site to review:

° oOrganization and responsibilities in order to determine whether the

field team organization is operational.

The collection of samples to assure that written procedures are avail-
able and are being followed.

Chain-of-custody program to assure that the appropriate steps have been
followed in the traceability of samples.

The implementation of the operational procedures to assure that the

appropriate QC checks are being made in the field and records are
maintained of these checks.

12.2 EXTERNAL AUDITS

The CLP RAS and SAS laboratory facilities participate regularly in the perfor-
mance evaluation programs administered by EPA. U.S. EPA EMSL - Las Vegas
conducts annual system audits of the CLP laboratories and sends quarterly
performance evaluation samples for ongoing assessment of laboratory precision
and accuracy. The U.S. EPA Region V CRL is responsible for auditing labora-
tories performing SAS analyses. The field activities may be audited by the
EPA Region V CDO and/or CRL at the request of the RPM.
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13.0 PREVENTIVE MAINTENANCE

13.1 CLP RAS AND SAS LABORATORIES

All CLP laboratories are required under Exhibit E QA/QC Requirements in the
organics and inorganics SOW to have Standard Operating Procedures (SOPs) for
preventive maintenance of each instrument measurement system. All maintenance
activity is documented on standard forms maintained in logbooks. A history of
the maintenance records of each system serves as an indication of the adequacy
of maintenance schedules and parts inventory.

13.2 FIELD MEASUREMENTS

Specific preventive maintenance procedures to be followed for field equipment
are those recommended by the manufacturer and are contained in the Field
Sampling Plan (Appendix C) and QAPP Appendix E.

Field instruments will be checked and calibrated daily before use. Calibra-
tion checks will be documented on the field meter instrument calibration logs
(FSP, Appendix A). Critical spare parts such as batteries will be kept
on-site to reduce down time. Backup instruments and equipment should be
available on-site or within one-day shipment to avoid delays in the field
schedule.
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14.0 SPECIFIC ROUTINE PROCEDURES TO ASSESS
DATA PRECISION, ACCURACY,
AND COMPLETENESS

14.1 FIELD DATA

Data assessment will be accomplished by the Site QC Officer (SQCO). The SQCO
will review field results for compliance with the established QC criteria as

described in the QAPP and FSP. Field data will be assessed by examination of
field meter daily calibration accuracy, field duplicate, and field and back-

ground blank contents. Field duplicate precision will be expressed based on

the relative percent difference (RPD) statistic as described in the CLP SOWs.
Any problems arising during sample collection, packing, shipping, or analysis
will be taken into consideration.

14.2 LABORATORY DATA

Completeness of RAS data based on contractual completeness is assessed before
release to Region V by the SMO using the Contract Compliance Screening Proce-
dure. RAS data will then be reviewed for precision and accuracy by Region V
LSSS in accordance with the U.S. EPA Hazardous Site Evaluation Division,
"Laboratory Data Validation Functional Guidelines for Evaluating Organics
Analyses," "Laboratory Data Validation Functional Guidelines for Evaluating
Pesticides/PCBs Analyses," and "Laboratory Data Validation Functional Guide-
lines for Evaluating Inorganic Analyses."

Analytical data for SAS analysis will be assessed by the SMO for completeness
based on the SAS request requirements., Precision and accuracy of SAS analytes
will be assessed by EPA Region V LSSS by a review of the data package and
QA/QC results to determine if the protocols specified in the SAS request were
adhered to.
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15.0 CORRECTIVE ACTION

15.1 DISCOVERY OF QA PROBLEMS

The TAC will issue a description of each nonconforming condition identified,
i.e., when objectives for field precision, accuracy, completeness, representa-
tiveness, or comparability are not satisfied, or when unacceptable procedural
practices or conditions are identified during ongoing review or system audits.

A full description will include the conditions requiring corrective action,

indicate the nature of the corrections required, and specify a schedule and
the authority for correction.

15.2 CORRECTIVE ACTION

Upon the documentation of a QA problem, it will be relayed to the responsible
officer of the laboratory, the Project Manager, the Site Manager, Field Team
Leader, and Site QC Officer. The responsible individual will indicate the
nature of the corrective action taken and will require appropriate documenta-
tion of such action. The corrective action taken will include measures to
prevent a recurrence.

15.3 STOP-WORK ORDER

If corrective actions are insufficient, resolution cannot be reached, or
results or prior work are indeterminate, work may be stopped by the TSQAM. If
there is a disagreement between the TSQAM and the Site Manager as to the stop-
work directive, the differences shall be brought to the attention of the PM
for resolution.

15.4 CLP LABORATORIES

The laboratories participating in the CLP are required to have a written SOP
specifying corrective action to be taken when an analytical error is discov-
ered or the analytical system is determined to be out of control. The SOP
requires documentation of the corrective action and notification of the
analyst of the error and correct procedures.

The SMO also may request corrective action for any contractual non-conformance
identified by audit or data validations. The EPA Region V LSSS may request
corrective action by the CLP laboratories for any non-conformances identified
in the data validation process through the SMO or, for minor problems, the lab
may be contacted directly. Corrective actions may consist of sample
re-analysis if holding time permits. Recollection of samples may be necessary
if holding times have expired.
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15.5 SPECIAL ANRALYTICAL SERVICES

Corrective action for SAS requests should comply with the specific SAS request
as well as with the procedures described in Section 15.4.

15.6 FIELD CHANGES

The Site Manager is responsible for all site activities. 1In this role, the
Site Manager at times is required to adjust the field program to accommodate
site-specific needs. When it becomes necessary to modify a program, the Field
Team Leader notifies the Site Manager of the anticipated change, and documents
and implements the necessary changes. The EPA RPM and PO will be notified if
the change is determined to be a significant one. Significant field changes
may include: deleting a sampling location, using less inert sampling devices,
or changing from the chemical analyses listed in the QAPP and FSP.
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16.0 QUALITY ASSURANCE REPORTS TO MANAGEMENT

The complete and correct implementation of the QAPP will be reviewed by the
TAC and an assessment of adherence to sample collection procedures and data
quality will be presented in the data quality summary report.

Meetings to discuss the progress of the project will be held as requested by
EPA. Concerns which arise during the course of the work that might require
significant changes to the scope of work or departures from the protocols
specified in the approved project plans will be discussed at these meetings.
Proposed adjustments will be submitted to the EPA in writing. At requested
intervals, the TSQAM, in conjunction with the TAC, will summarize QA activi-
ties. These summaries may include:

° Results of system and performance audits conducted during the period.

An assessment of the accuracy of measurement data, precision, complete-
ness, representativeness, and comparability including soil physical
tests.

A listing of the QA problems discovered during the period, related
corrective actions undertaken, and an assessment of the results of

these actions.

Identification of significant QA problems and recommended solutions.

ARCS/P/HIMCO/AD4



APPENDIX A

SAS REQUEST FORMS

Water Quality SAS:
Bromide SAS:

Residential Wells Organic SAS:

Residential Wells Inorganic SAS:
Sorbent Tube SAS:

Geotech SAS:

Organic Carbon SAS:

Chloride, sulfate, TDS, TSS, alkalinity,
TP, TKN, NH3, NO, and NO3, COD

Anions, ion-exchange chromatographic,
automated

Analysis of drinking water/residential
wells for volatiles, semi-volatiles, and
pesticides/PCBs with low quantitation
limits

Analysis of drinking water/residential
wells for metals and cyanide

Analysis of sorbent tubes for TCL vola-
tile organics

Analysis of soil samples for Atterburg
Limits, particle size analysis, perme-
ability, consolidation, and triaxial
shear

Determination of percent organic carben
in soil on air dried sample



WATER QUALITY SAS

U.S. ENVIRONMENTAL PROTECTION AGENCY

CLP Sample Management Office SAS Number

P.O. Box 813 - Alexandria, Virginia 22313
Phone: 703/557-2490 - FTS/557-2490

SPECIAL ANALYTICAL SERVICES
Client Request

V] Regional Transmittal Telephone Request

EPA Region/Client: — __ E&élou Z

RSCC Representative: :J;}A) P eLS
Telephone Number:  (3]2) 363 - 2720

Date of Request:

Site Name: _Himco Duwp , Ellchart Dhdiana

Please provide below description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain Jaboratory
capability for your request, please address the following considerations, if applicable.
Incomplete or erroneous information may result in a delay in the processing of your

request. Please continue response on additional sheets, or attach supplementary
information as needed.

1.

General description of analytical service requested: /
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COD. Samples will he  wntiHered,
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Definition and number of work units involved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medium or high concentration):
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Purpose of analysis (specify whether Superfund (enforcement or remedial action),
RCRA, NPDES, etc.):
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J.

10.

ll.

GENERAL Sl

Estimated date(s) of collection:

Estimated date(s) and method of shipment:

dally Q; mc/m'g Wt carvier—
Number of days analysis and data required after laboratory receipt of samples:
30 days .
Analytical protocol required (attach copy if other than a protocol currently used in
this program): —
See Speahe  sheets attmched f e
yweHrod -

Special technical instructions (if outside protocol requirelments, specify compound

names, CAS numbers, detection limits, etc.): +v !
oldrg b o t \ & Tae 2.
({rorn date of Collechion (Geld ) Fo anglysic). call
| o
Yeceipt, = <o vecollechon Can occur

Analytical results required (if known, specify format for data sheets, QA/QC
reports, Chain-of-Custody documentation, etc.) I not completed, format of results
will be left to program dis¢retion.

sep specihc Shotds abgched

Other (use additional sheets or attach supplementary information, as needed):

Name of sampling/shipping contact: Yha f(J.CL Yiehl
Phone: _ (4l14) 45Q -A7)] X 2253




5/005_-0-7/87 ‘ “" 7/30/87 Analysis of chloride in water

4.

7.

s.

S’

-2 -

Estimated date(s) of collection:

Estimated date(s) and method of shipment: da(.]g bvj [)V(,/q,-f-(, Qarrin
vy

Number of days analysis and data required after laboratory receipt of samples: :3

Analytical protocol required (attach copy 1f other than a protocol currently used in
this program):

1. EPA Method 325.1 (Colorimetric, Automated Ferricyanice, AA-1) 1983ed., or

2. EPA Method 325.2 (Colorimetric, Automated Ferricyanide, AA-11) 1983ed., or
Note: A Region V CRL Auto Analyzer Manifold is attached for Method 325.2 to correct
errors in Method 325.2's manifold diagram.

3. ASTM Colorimetric Method (Manual Method) -ASTM D 512C-81, or
4, Method 40/C (Potentiometric Titration) Standard Methods, 16th ed. Samples
will be kept at 4°C until analysis and validation of results.

Special technical instruction (if outside protocol requirements, specify compound

names, CAS numbers, detection limits, etc.):
For colorimetric methods (1) use a standard

curve between 0 and 300 mg/) or less,(2) the calibration curve must include b points or
more (including a zero concentration standard), and (3) samples with absorbances or peak

heights greater than highest standard must be diluted and reanalyzed. For titrimetric
method 1) use either 0.0141 or 0.025 N titrant, 2) automated potentiometric titrators are
acceptabie, 3) do not use more than 20 ml titrant for 50 ml or 100 mi sample aliquots, 4)
dilute and reanalyze any sample aliquots requiring more than 20 ml titrant, 5) remove any

‘interfering chromate, ferric iron, sulfide, and sulfite, and 6) standardize titrants daily.

Obtain approval of CPMS, CRL prior to use of any other method.

Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). 1f not completed, format of results will be
teft to program discretion,

The test procedure used will be clearly {dentified. For the
colorimetric methods, bench records tabulating order of calibration standards, verification
and control standards, samples, matrix spikes, titrant blanks, etc. with resulting peak
height, concentration, or absorbance read-outs will be provided with copies of worksheets
used to calculate results. For the titration method, any potentiometric titration curves
and all bench records tabulating titrant standardization, samples, aliquot volumes, matrix
spikes, etc. will be provided. Records of titrant standardization and titrant blanks will
be provided. A photocopy of instrument readouts, ie. strip charts, printer tapes, etc,
must be included for all analyses. All records of analysis and calculations must be legible
and sufficient to recalculate all sample concentrations and QA audit results.

EPA QC reference samples, or any other reference sample or initial calibration verification,
will be identified as to source, 1ot number, and sample number. Corresponding “true” or
target values and associated 95% confidence limits for analysis results will be provided

for all reference samples used.

10. Other (use additional sheets or attach supplementary information, as needed):

11. Name of sampling/shipping contact:___szgggjﬁggga__iﬁ;JLZIij

prone:____ 414 4S8 I X 2253




5/0056-0-7/87 ‘ : ‘. z _ 7/30/87 Analysis of chloride in water
3.

11.

Ao

11.

DATA REQUIREMENTS

Parameter: Detection Limit Precision Desired
(+% or Conc.)
Chloride 5 mg/1 Differences in

duplicate sampie
results are to be .
<5 mg/1 for concentrations

Note: These are minimum requirements <50 mg/1 and are to be
Report actual detection limit used, < 10% for concentrations
based on allowable methodology options. exceeding 50 mg/1. The

significant figures to
report depend on Sen-
sitivity of colorimetric
curve or number of signifi-
cant figures in titrant
volume.

QC REQUIREMENTS - Do not use designated field blanks for QA Audits,

Audits Required Frequency of Audits Limits* (% or Conc.)

a) For Methods 325.1, 325.2, and ASTM D 512C

Matrix Spike* 1 per group of 10 or 85 - 115% Recovery
fewer samples

Lab Duplicate v * (10% or 5 mg/1)
Lab Blank " “ <5 mg/1

Calibration Verification Std. " " 90-110% Recovery
1 Set of EPA QC Mineral Ref, 1 per sample set 85-115% Recovery

Samples - 2 Concentrates

b) For Method 407C

Same as [tem [la for Matrix Spike*, Lab UDuplicate, and QC Mineral Reference Samples,

Lab Blank (Not Titration Blank) Beginning and end of =3 to +3 mg/1
sample set
Calibration verification At end of sample set 95 - 105% Recovery

Standard (Same as 1itrant Standardazation)

*Matrix spike concentrations will be greater than 30% of the sample concentration,
but spiked sample shall not exceed the working range of the standard curve or
titration.

ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and reanalyze samples - Contact SMO- e L

- ‘ P

Please return this request to the Sample Management Office as soon as possible to
expedite processing of your request for special analytical services. Should you

have any questions or need any assistance, please call the Sample Management Office.
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4.

6.

7.

8.

9.

10,

Sulfate in Water July 30, 1987

Estimated date(s) of collection:

Estimated date(s) and method of shipment: aa/lg b\./ OVCnghZ (gg/;a£

Number of days analysis and data required after laboratory recexpt of samples:

30

Analytical protocol required (attach copy if other than a protocol currently used in
this program):

1. EPA Method 375.2 (Colorimetric Methylthmol Blue) - 1983 ed.
- Note: This method requires 0./5 mg/y S04 in D3ilution wWater(See Reagent Section 6.8)

2. Method 426C of Standard Methods, lo6th ed. (lurbidimetric)
- Note: this last method provides for measurement of sulfate using 2 standard curves-
1 for sulfate concentrations between U and 10mg/i1, and 1 between 10 and 40 mg/1
sulfate.

Samples will be kept at 4°C until validation of results.

Special technical instruction (if outside protocol requirements, specify compound

names, CAS numbers, detection limits, etc.): .
Sample holding time is not to exceed 28

days from date of sample collection, Sulfate standards will be prepared daily from stock

solution. Samples with absorbances or turbidities greater than that in the highest stan-

dard will be diluted and rerun. For Method 426C, 1) the reanalysis solution should contain

between 20 and 40 mg/l sulfate, and Z) concentrations must be corrected for background

turbidity and color per Section 5d of Method 426C using pH adjusted sample aliquots.

Use only the methods specified. Calibration curves must include at least 6 points
(including a zero concentration standard) for Method 375.2 and Buffer A of Method 426C.

Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etz.). If not completed, format of results will be

left to program discretion,
The test procedure used must be clearly identified. Results . -

shall be reported as mg/1 SO4. Bench records tabuiating the order of calibration standards,
lab control standards, lab blanks, samples, spikes, etc., with resulting absorbances

or concentration readouts, will be provided along with copies of worksheets used to cal-
culate results. Background absorbances used for turbidity corrections must be tabulated
for each sample aliquot tested. A photocopy of the instrument readout (1e. Strip charts,
printer tapes, etc.) must be included. All records of analysis must be legible and

sufficient to calculate all concentrations and resuits. ] ]
EPA QC reference samples, or any other reference sample or initial calibration verification,

will be identified as to source,lot number, and sample number, Corresponding -true" or
target values and associated 95% confidence limits for analysis results will be provided

for all reference samples used.

Other (use additional sheets or attach supplementary information, as needed):

ik Darplto (of a% ) g cctrad Z{//Xqég\ o 1o

v

11. Name of sampling/shipping contact: /Zkﬂb(CLd.

Phone: 4/4-’%?’ &71/ X 2263




5/0116-0-7/87 Sulfate in Water July 30, 1987
' 4 I! -3-
I. DATA REQUIREMENTS s

Parameter: " Detection Limit Precision Desired

+% or Conc.,
Sulfate 5mg/1 - Method 375.2:

Differences in duplicate
sample results are to

be < 5 mg/1 for con-
centrations < 50 mg/1,

and < 103 for concentrations

) ) > 50 mg/1,
Note: These are min- : Wethod 426 C: :
~imum requirements. Report Differences in dupli-
the actual detection limits cate sample results
ysed based on allowable are to be < 2 mg/1 for
methodology options. concentratYons < 20

mg/) and < 10% Tor
concentrations > 20
mg/1 in aliquot tested.

I1T. QC REQUIREMENTS =~ Do not use designated field blanks for QA audits.

Audits Required Frequency of Audits Limits* (% or Conc,)
Matrix Spike* 1 per group of 10 or
fewer samples 85-115%

" + (10% or 5 mg/1) for
Method 375.2
+ (10% or ¢ mg/1) for
Method 426C
Lab Blank {0 mg/) 50z) ™ T < 5 mg/71 - Method 375.2
-2 to +2mg/1-Buffer B of
Method 426C or
Lab Blank (10 mg/1 SO4) . . 8 to 10mg/1 - Buffer A of
Method 426C

Lab Duplicate

~Calibration Verification 1 per group of 10 samples 90 - 110% -
Standard and at end of sample set

T Set of EPA QC Minera! once per sample set “B5-115% for each

Reference Samples concentration,

*Matrix spike concentrations will be greater than 30% of sample concentrations,
but spiked samples shall not exceed working range of standard curve.

]
I111. ACTION REQUIRED IF LIMITS ARE EXCEEDED:
Take corrective action and reanalyze samples. C@*ﬂdﬁ SmO.

LL.omz - —TI as iegr 2n i R N T eI R
o — e -, - _ e - A TS re—

Please return this request to the Sample Management Office as soon as possible to
expedite processing of your request for special analytical services. Should you
have any questions or need any assistance, please call the Sample Management
Office.



5/024__~0-6/87 Tw, , , T0S in Water 6/29/87

6. Approximate number of days results required after lab receipt of samples: Eg<:)

7. Analytical protocol required (attach copy if other than a protocol currently used in
this program):

]. EPA Method 160.1, 1983 ed., or

2. Method 2098, “"Standard Methods", 16th ed. Samples will be kept at 4°C unti)

sample analysis and validation of results. Holding time §s 7 days from date of

sample collection,

8. Specail technical instructionns (if outside protocol requirements, specify compound

names, CAS numbers, detection limits, etc.):
1) Use standard aliquots of 100m};

however do not use sample aliquots yielding more than 200 mg residue. f residue 1s
greater than 200 mg, repeat the analysis using a smaller sample aliquot. 2) If the
pH value 1s less than 4,0, raise the pH of the aliquot (using NaOH titrant) to between
H 4 and B and subtract the weight of sodium added from the weigth of the residue.
Residue will be weighed either to constant weight pursuant to Section /.6 of Method
160.]1 the final weight is to be used for calculations., Constant weight is defined as
a) less than 0.5 mg or less than 4% weight 1oss from the previous ueight, whichever 1§
smaller, o~ b) dried overnight (12 hours drying time) with a single weight used for
calculations.

9, Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc. ) 1f not completed, format of results will be
left to program discretion.

Identify the OC reference sample lot numbers used and their true values with 95% con-
fidence intervals. Bench records of tare weights, final weights, additional weights
t0 determine constant weights, volumes filtered, blanks, duplicate samples, and refer-
ence samples will be provided with copies of work sheets used to calculate results .
Dates and time of 1) determination of tare weights, 2) sample filtration, and 3) deter-
mination of residue weights and constant residue weights will be part of bench records.
A1l records of analysis must be legible and sufficient to recalculate all sample

concentrations and QA resulits.

10. Other (use additional sheets or attach supplementary information, as needed):

¥

: 7 v * k4 ’;U — 7 = 724 ‘4
11. Name of sampling/shipping contact: ry\lbﬁﬁéil tflg(i*w
phone: ___ 414 -4SE-R 7)1 X 2253
Please return this request to the Sample Management Office as soon as possible to expedite

processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office. -




§/024G-0-6/87 ' DS' z . TDS in Water 6/29/87

I. DATA REQUIREMENTS

Parameter Detection Limit Precision Desired
+2 or Conc.

TDS 20 mg/1 Difference in duplicate
“sample aliquots shall

Note: These are mini- not exceed 2 mg for
mum requirements. residues. Duplicate
Report the actual differences shall not
detection limits used exceed 10% for sample
based on allowable values greater than
methodology options. ~200 mg/1.

I1. QUALITY CONTROL REQUIREMENTS Do not use any designated field blanks for QA Audits.

Audits Required Frequency of Audits Limits* (+% or Conc.)
1. ) set of EPA OC 1 per sample set 85-115% Recovery

Mineral Reference
Samples*- 2 concen-
tration levelis.

At least 1 per group of +-(10% or 2 mg of residue)
2. Lab Duplicate 10 or fewer samples
At least 1 per group of - 20 mg/1 to + 20 mg/1
3. Lab Blanks (100 ml 10 or fewer samples
of filtered reagent
water)

* Alternate reference samples must be approved by Region V RSCC prior to analysis.

111. *Action Required if Limits are Exceeded:

reanqiyz¢
Take correctijve action and :e.r.uésamples. Contact .SMO. . . : T

~3 s L g




5/025__-§-$/89 1” , -2- TSS in water  6/29/87

6. Approxamate number of days re5ults required after l1ab receipt of samples: 30

7. Analytical protocol required (attach copy if other than a protocol currently used in
this program): )

1. EPA Method 160.2, 1983 ed., (Gravimetric, Dried at 103° - 105° C) using glass fiber
filter discs without organic binder such as: Millipore AP-40, Reeve Angel 934-AH,
Gelman A/E, or equivalent. Use only membrane filter apparatus with 47 mm diameter
glass fiber filter and a coarse (40-60 micron) fritted disc filter support. 1he filter
and support specifications are mandatory. Samples will be held at 4°C until sample
analysis and validation of results are completed, Hoiding time 1s / days from date
of sample collection, )

8. Specail technical instructionns (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):
1. Sample aliquot volumes are selected
on the basis of the following factors. a) During initial sample filtratrion, filtration
rate should not drop rapidly, or require more than 5 minutes of filtratrion time. (In-
crease the fiiter area or decrease the sampie volume as needed for sample reanalysis),
b) The sample aliguot filtered should provide a residue with greater than 1.0 mg for
aliquots less than 200ml in volume, and c) Sample aliquots should not exceed 200ml in
volume. 2. Duplicate sample alicuots will be filtered with 2 or more intervening
sampies. 3. Final residues are to be weighed elther to constant weignt pursuant to
Section 7.6 of Method 160.1 (The final weight is to be used for calculations), or dried
overnight (12 hours of drying time) with the singie weight used for caiculations. Constant
weight is defined as less than 0.5 mg or less than 4% weight loss from the previous
weight, whichever is smaller, 4, Use only the method specified above in items / and

8.

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion.

Identify EPA OC reference sample lot numbers used and their true values and 95% con-
fidence intervals. Bench records of tare weights, final weights, volumes filtered, blanks,
duplicate samples, and reference samples (all in the order filtered) will be provided )
along with copies of worksheets used to calculate results. Dates and time of a) filtra-
tion of initial 100ml volume, b) determination of tare weights, c) sample filtration, and
d) determination of constant residue weights will be part of bench records. All records of
analysis must be legible and sufficient to recalculate all sample concentrations and

QA results.

10. Other (use additional sheets or attach supplementary information, as needed):

11. Name’of sampling/shipping contact: V)“CLdtlzl tﬁllfikal
prone: __ H4--4SE- 29 x2253

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office.




§/0256-4- i/89 fss d z -3- TSS in water 6/29/87

I. DATA REQUIREMENTS

Parameter Detection Limit Precision Desired
(x% or Conc.)
Suspended Solids 2-3 mg/1 for 200 ml Difference in duplicate
results shall aot exceed
Note: These are minimum sample aliquot 0.5 mg for duplicate
requirements. Report the aliquots filtered.

actual detection limits
used based on alliowable
methodology options.,

IT. QUALITY CONTROL REQUIREMENTS Do not use designated field blanks for QA Audits.

Audits Required Frequency of Audits Limits* (+% or Conc.)
1 per group of 10 or
1) Lab Duplicates fewer samples less than 0.5 mg‘?or m?dugﬁ
(See item 8.3 on Page 2) V255 +han 10 foe 5‘..,“9,-6_,_5;(
.ésma :
[*4

1 per group or 10 or
'2) Lab Blanks fewer samples -0.5 to +0.5 mg
(200 ml aliquots)

3) 1 set of 2 EPA OC 1 per sample set ' < 5 mg/) error for con-
Residue Reference centrations < to 50 mg/}
Samples-2 concentration or < or = to 10% for nom-
levels inal concentrations > than

50 mg/1

* Alternate reference samples must be approbed by Region V RSCC prior to analysis. ;

11I. *Action Required if Limits are Exceeded:

Take corrective action and reanalyze samples,

=

Contact S™MAN - L -




5/002__-0-6/87 a‘p_‘ , Analysis for alkalinity 6/29/87

4.

6.

7.

9.

Estimated date(s) of collection:

Estimated date(s) and method of shipment: Daily by overnight carrier

Number of days analysis and data required after laboratory receipt of samples:

Laboratory should report results within 30 days of receipt of samples.

Analytical protocol required (attach copy if other than a protocol currently used in
this program):

1) Alkalinity EPA Method 310.1 (Titrimetric, ph 4.5) 2) Standard Methods, 16th Edition,

Method 403 4c and 4d.

Samples will be stored at 4°C until analysis and validation of results.

Special technical instruction (if outside protocol requirements, specify compound

names, CAS numbers, detection limits, etc.):
Samples holding time should not exceed 14

days from date of collection. Use potentiometric titration to pH 4.5 for alkalinity >
20 mg/1 as CaC03. For concentrations <20 mg/1, use EPA Method 310.1 (Section 6.3) or
Standard Methods, Method 403 4d. Do not use titrant voliumes greater than 50mi.
Obtain approval of CPMS, CRL prior to use of any other method.

Use Na>C0q to standardize titrant. Standardize the pH meter and the titrant each day.

Standardize the pH meter using at least two buffers which bracket the end point.

Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion:

The Test procedure used will be clearly identified. Bench -
records tabulating the order of analysis including pH meter calibration, titrant standardi-
zation, lab blanks, samples, lab control standards, duplicates, etc., with resulting

titrant volumes or readouts will be provided along with calculation worksheets. All

records will be legible and sufficient to recalculate all sample concentrations and QA

audit results. Report method of titrant standardization.

EPA QC Reference samples, or any other reference sample or initial calibration verification,
will be identified as to source, lot number, and sample number. Corresponding "true” or
target values and associated 95% confidence Vimits for analysis results will be provided

for all reference samples used.

10. Other (use additional sheets or attach supplementary information, as needed):

12+ Name of sampling/shipping contact: MﬂJM& KUC‘)[

Phone: 4’/4” Q‘Sg' § 7), X2253




5/0026-0-6/87 Analysis of alkalinity
4 3. 6/29/87

T. DATA REQUIREMENTS

Parameter: : Detection Limit Precision Desired

(+% or Conc.)
+ 2 mg/1 for Conc.

Alkalinity 2 mg/1 for low level < 20 mg/1 CaCo
+ 10% gor Conc.,
20 mg/1 for high level > 20 mg/}

NOTE: These are minimum B
requirements. Report
actual detection i1m1ts
used based on allowable
methodologies.

I1. QC REQUIREMENTS -~ Do not use designated field blanks for QA audits.

The QA audits below will be done for each group of low-level and high-level
akalinity determinations.

Audits Reaquired Frequency of Audits Limits* (% or Conc.)
<10 mg/1 for high-
at least 1 per group of level samples tested.

lab blank 10 or fewer samples <2 mg/1< for low-
Tevel samples tested.

lab duplicate at least 1 per group of +10% or + 2 mg/]
10 or fewer samples

1ab control sample 1 per sample set 90-110% recovery.
1l set of EPA QC mineral

reference samples

IT. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and reanlyze samples.

Contact §MO B o

J~ase return this request to the Sample Management Office as soon as possible to expeqite
essing of your request for special analytical services. Should you have any questions
r need any assistance, please call the Sample Management Office.



5/016__-0-6/87 1 P,‘ ) Total Phosphorus 6/29/87

4. Estimated date(s) of collection:
5. Estimated date(s) and method of shipment: daily hu VY ni¢ Wt couriex
- J

v. Number of days analysis and data required after laboratory receipt of samples:

Laboratory should report results within 30 days after receipt of samples.

7. Analytical protocol required (attach copy if other than a protocol currently used in
this program):

Total Phosphorus EPA Method 365.1 (Abtomated, Colorimetric, Ascorbic Acid)

Total Phosphorus EPA Method 365.2 (Automated, Colorimetric, Single Reagent)

Total Phosphorus EPA Method 365.4 (Block Digestor)

Samples will be preserved in the field with 1 m1/1 HySO4 to pH <2 and stored at 4°C

until analysis and validation of results.

8. Special technical instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.) Check sample pH using wide-range pH paper. If

the pH>2, contact CPMS, CRL for instructions:
Dilute and redigest samples with absorbances

or peak heights higher than the highest standard. All standards, blanks, audits, etc.
must be digested. The holding time is not to exceed 28 days from sample collection,
Use only the method(s) specified above. The calibration curve must include at least 5
standards., (One of the standards must be zero concentration).

9., Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be

left to program discretion:
The test procedure used will be clearly identified. Bench

records and all records of anaiysis and calculations for samples, blanks, duplicates, -
spikes and all control checks with peak height or response and concentrations will be -
provided with copies of worksheets. Results will be reported as mg/1 P, Any digestion 10g
will be provided showing sample aliquots and concentrations of all samples tested. Records
must be legible and sufficient to recalcuiate all concentrations., A photocopy of the

instrument readout j.e. stripcharts, printer tapes, etc., must be included.

EPA QC reference samples, or any other reference sample or initial calibration ver1?1cat1on,
will be fdentified as to source, lot number, and sample number. Corresponding "true” or
target values and associated 95% confidence 1imits for analysis results will be provided

for all reference samples used.

10. Other (use additional sheets or attach supplementary information, as needed):

DereT vofuch M(_%_ﬂmqld&@ﬂ&l fithation prie 1o Amligase)

. Name of sampling/shipping contact:

Phone: Lf'l%""/fc?' 57// X 22573




5/0166-0-6/87 T P o z

1. DATA REQUIREMENTS

Parameter:

Total P

NOTE: These are minimum
requirements., Report
actual detection limits
used based on specified
methodologies.

s Total Phosphorus 6/29/87

Detection Limit Precision Desired

(#3 or Conc.)

0.05 mg/1 Duplicate results must
agree to within 10%

for concentratjons

> 0.5 mg/] or within
0.05 mg/1 for con-

centratijons < U.5 mg/1

I1. QC REQUIREMENTS - Do not use designated field blanks for QA audits

Audits Required

Matrix Spike*

Lab Duplicate

Lab Blank (Also serves as
a calibration blank).

Calibration verification
standard

1 set of EPA nutrient QC
reference samples conc. 344

Frequency of Audits Limits* (% or Conc.)

at least 1 per group of
10 or fewer samples 85% - 115%

at least 1 per group of
10 or fewer samples + (10% or 0.05 mg/1)

at least 1 per group of
10 or fewer samples <0.05 mg/1

1 per group of 10 samples 90% - 110%

and end of sample set

1 per sample set 85% - 115%

*The matrix spike concentrations will be approximately 30% or larger of sample
concentrations, but spiked samples shall not exceed the working range of the

standard curve.

(I. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and reanalyze samples.

Contact S Mo -

{sage return this request to the Sample Management Office as soon as possible to expedite
essing of your request for special analytical services. Should you have any questions
* need any assistance, please call the Sample Management Office.



§/015 ~0-7/87 ‘PN L ' Total Kjeldahl Nitrogen July 30, 1987

o -2-

4, Estimated date(s) of collection:
5. Estimated date(s) and method of shipment: 0@/1}}{;’ Q\/ﬂfnmht Courtes
) v W

6. Number of days analysis and data required after laboratory receipt of samples:

Laboratories shall report results within 30 days after receipt of samples

7. Analytical protocol required (attach copy if other than a protocol currently used in
this program):

1) EPA Method 351.2 (Colorimetric, Block Digestor, AA II)

2) EPA Method 351.3 (Colorimetric, Titrimetric, or Potentiometric ) (NOTE: For Method

351.3 the micro-Kjeldahl technique is not acceptable.) Samples will be preserved in the

field using H2S04 (1m1/L) to pH<2, samples will be stored at 4°C until analysis and

validation of results.

8. Special technical instruction (if outside protocol requirements, specify compound

names, CAS numbers, detection limits, etc.):
For all Methods: Analyze samples within 28

days after collection. Check the sample pH (wide range pH paper). If the pH>Z2, contact

CPMS, CRL for instructions. Use nicotinic acid for the control standard. Use an organic

nitrogen compound for the matrix spike. Use only the Methods specified i1n item /., Metho

351.3 requires distillation separation, prior to all final ammonia measurements.

For Method 351.,3: Use only the Colorimetric method for samples containing less than

1 mg N/T,

For Colorimetric Methods (351.2 and 351.3): Use at least five calibration standards

(including a zero concentration standard). Dilute and reanalyze samples with concentra-

tions that exceed the highest calibration standard, _

For the Potentiometric Method (351.3): Use at least four calibration standards. Dilute
__and reanalyze samples with concentrations that exceed the highest calibration standard.

For the Titrimetric Method (351.3): Standardize the titrant each day. Include records

of indicator blank.

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be

left to program discretion,
Identify the test procedure and options used. Provide bench

records and all records of calibration, analyses, and calculations for standards, samples,
blanks, any titration indicator blanks, duplicates, spikes, controls, etc. Include ab~ _
sorbances, peak heights, responses, concentrations, etc., for each measurement. Include .
digestion 10gs showing sample volumes and dilutions for all samples, Identify organic
nitrogen compound used for matrix spikes. Records must be legible and sufficient to
recalculate all concentrations and QA audit results. Provide photocopies of all 1nstru-
ment readouts (i.e. stripcharts, print-outs, etc). Report results as mg N/1. Identify
the compound used for the matrix spike.

EPA QC reference samples, or any other reference sample or initial calibration verifica-
tion, will be identified as to source, lot number, and sample number. Corresponding “tru®
or target values and associated 95% confidence 1imits for analysis results will be provi-

ded for all reference samples used.

10. Other (usé additional sheets or attach supplementary information, as needed):

J1, Name of sampling/shipping contact: /L(LLA(LEL tiklfjﬁ‘
Phone: %}4"%5?" k1) X 2253




§/0156-0~7/87 ¢m, 2 ; Total Kjeldahl Nitrogen July 30, 1987

1.

11.

111.

DATA REQUIREMENTS

Parameter:

TKN :
NOTE: These are
minimum requirements.
Report the actual
detection 1imit used
based on allowable
methodology options.

Detection Limit

0.1 mg N/1

Precision Desired
(% or Conc.)

Duplicate sample results

must agree within 0.1 mg/1
for concentrations <1 mg/1
and within 10% for concen-

trations > or = to 1 mg/}

QC REQUIREMENTS Do not use designated field blanks for QA audits.

Audits Required

Control standards (Nicotinic

Acid)
Matrix spike*

Lab duplicate

Lab blank

Calibration verification
Standard

1 set of EPA QC nutrient
reference samples

conc. 3 and 4,

Frequency of Audits

one per set

Limits* (% or Conc.)

70 - 110% recovery

one per gqroup of 10 or

85 - 115% recovery

fewer samples
" L]

+ (10% or 0.1 mg N/1)

" . + 0.1 mg N1
" " and at
the end of the set 90 - 110%
one per set 85 - 115%

*Matrix spike concentration will be greater than 30% of the sample concentration

but will not exceed the highest calibration standard.

prepared from an organic nitrogen compound.

ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and reanalyze samples.

Matrix spikes will be

Contact SMoO

— P

.

‘ease return this request to the Sample Management Office as soon as possible to expedite

-ocessing of your request for special analytical services.
or need any assistance, please call the Sample Management Office.

Should you have any questions



5/013__-0-6/87 N“;— . , Ammonia in Water 6/30/87

4.
5.
6.

7.

9.

Estimated date(s) of collection:‘

Estimated date(s) and method of shipment: Daily by overnight carrier

Number of days analysis and data required after laboratory receipt of samples: Z O

Analytical protocol required (attach copy if other than a protocol currently used in
this program): '

1) EPA Method 350.1 (Automated Phenate), or

2) EPA Method 350.3 (Potentiometric, Ion Selective Electrode).

Samples will be stored at 4° C until analysis and validation of results. Sample

aliquots will be preserved in the field with sulfuric acid (1 ml/1 to pH < 2).

The working concentration range of Method 350.1 Auto Analyzer should be 0.1 to 10 mg/)

NH2:-N or lesser concentration.

Special technical instruction (if outside protocol requirements, specify compound

names, CAS numbers, detection limits, etc.):
Check sample pH (wide range pH paper). If pH >

contact Jay Thakkar, CPMS, CRL for instructions. Dilute and rerun samples with peak
heights or concentrations higher than the highest standard. The holding time is not to
exceed days from sample colliection. Ail solutions should be made with amonia-free water
For Method 350.3 calibrate the electrometer with standards in order of increasing concen-
tration of ammonia. The pH of the soiution after the addition of NAOH must be above ll.
Use only the method(s) specified above. Standard curve for Method 350.1 must include at

Teast 5 standards (one of which 1s zero concentration), Standard curve for Method 350.3
must include at least 4 standards between 0,1 and 10.0 mg/1 NH3-N, All standards, blanks,

dilution water, and diluted sampies must be acidified with 1 ml/l HZS04.

Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion: -
The test procedure used will be clearly jdentified. Bench
records tabulating the order of calibration standards, lab blanks, sampies, lab control
standards, spikes, duplicate, etc., with resulting peak heights, millivolts, or concentratior
readouts, will be provided along with copies of worksheets used to calculate ammonia re-
sults., If Method 350.3 is used, the standard curve should be provided. A photocopy of the
instrument readout l.e. strip charts, printer tapes, etc., must be included. All records
analyses and calculation must be legible and sufficient to recalculate all concentrations,
Results are to be in mg/-N per liter.
EPA OC reference samples, or any other reference sample or initial calibration verification.
will be identified as to source, lot number, and sample number. Corresponding “true" or
target values and asscciated 95%.confidence 1imits for analysis results will be provided

for all reference samples used.

10. Other (use additional sheets or attach supplementary information, as needed):
hok (£ 45li\qzf2£n;__y1Q4uiJLzZ_*_53aZEl1:;L¢ﬂéﬁ54L-J;3L13D4255‘3=L-Lﬁﬂ;ﬁé&;ﬁﬂﬂfzidzééa""'

11,

Name of sampling/shipping contact: Ma/zcm Yuehl
Phone: 4 - Ys&-87| x283>3




5/013G-0-6/87 ”

I. DATA REQUIREMENTS

- l _ Analysis of ammonia
3= June 30, 1987 -

Parameter: * Detection Limit Precision Desired
' +% or Conc,

Ammonia . 0.1 mg/1-N ' Duplicate results must

agree to within 10%
NOTE: These are minimum ' for concentrations
requirements., Report > Img/1 or to within
actual detection limits o U.1mg/1 for concen-
used based on specified trations <I mg/1
methodologies. , ‘ Results will be re-

ported to the near-
est 0,05 mq/) and to -
significant figures
for concentrations
exceeding 1/mg/l-N.

GENERAL STATEMENT
11. QC REQUIREMENTS = Do not use designated field blanks for QA Audits.

a) For Method 350.1

Audits Reguired Frequency of Audits Limits* (% or Conc.)
at least 1 per group of
Matrix Spike* 10 or fewer samples 85% -~ 115%
at least 1 per group of
Lab Duplicate 10 or fewer samples + 10% or 0.1 mg/1
at least 1 per group of
Lab Blank 10 or fewer samples 0.1 mg/1
Calibration verification 1 per group of 10 samples 90% - 110%
1 set of EPA OC Nutrient
reference samples. Conc. 1 per sample set 85% - 115%
182

b) For Method 350.3

at least 1 per group of

Lab Duplicate 10 or fewer samples 10% or 0.1 ma/1
at least 1 per group of

Lab Blank 10 or fewer samples £ 0.1 mg/1

Calibration verification 1 per 10 samples and

standard end of set 90% - 110%

1 set of EPA QC Nutrient

reference samples. Conc.
182 1 per sample set 85% - 115%

*Matrix spike concentrations will be greater than 30% of sample concentrations, but spiked
samples should not exceed working concentration range of standard curve.

T11. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and reanalyze samples - Contact fS[I)CZ;~

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office.
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NO ‘Es'timate daZ(s) t')f collection: :
5, Estimated date(s) and method of shipment: Mq by OVernyht Couses”
1

6. Number of days analysis and data required after laboratory receipt of samples:

20

7. Analytical protocol required (attach copy if other than a protocol currently used in
this program): ,
1) EPA Method 353.1 (colorimetric, automated hydrazine reduction).
2) EPA Method 353.2 (colorimetric, automated cadmium reduction).
3) EPA Method 353.3 (colorimetric, manual cadmium reduction).

For all methods: ,
Samples will be stored at 4°C until analysis and validation of results. Samples wil)
be preserved in the field with sulfuric acid (I mi/1) to pH<2. 1he analytical working
range shall not exceed 0.1 to 10.0 mg/! N. i

For Methods 353.2 or 353.3: 1f more than one reduction column is used separate
calibrations, QA audits, and records are required for each column. The column used
must be identified for each analytical result.

8. Special technical instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

Analyze the samples within 28 days after
collection., Check the sample pH (wide range pH paper is acceptable). If the pH>2
contact CPMS, CRL for instructions. Use only the methods specified in item 7, Obtain
approval of CPMS, CRL before using any other method,

For Methods 353.2 and 353.3: After checking the pH it is recommended that the laboratory
check for residual chlorine (or oxidizing reagents) and sulfide using test strips such as
starch iodide and lead acetate papers. (Contact CPMS, CRL if these interferences are
present; however, the laboratory must remove these interferences prior to analysis.

The laboratory must also minimize interferences due to metals in order to prolong column
1ife. (See Section 7.1.2 of method 353.3) It 1s suggested that the laboratory may dilute
samples up to ten-fold prior to analysis (Section 7.4 of Method 353,3) provided that the
final analytical working range does not exceed 0.l to 10.0 mg/l N.

For all methods: Neutralize samples to pH 5-9 (or to phenolphthalein color end-point)
prior to analysis, Dilute and reanalize the neutralized samples if the concentrations
exceed that of the highest standard. Use at least five calibration standards (including
a zero standard ). Prepare the iab blank using 1 ml of HpS04/1. Neutralize and analyze

it like a sample.

w” 9. Analytical results required (if known, specify format for data sheets, QA/QC reports,

Chain-of-Custody documentation, etc.). If not completed, format of results will be

left to program discretion:
The test procedure used must be clearly jdentified. Bench

records tabulating the order of calibration standards, lab control standards, lab blanks,
samples, spikes, duplicates, etc., with resulting absorbances or concentration readouts
will be provided. Worksheets used to calculate results will be included. Any sample
treatment to remove jnterferences will be documented. The laboratory shall submit photo-
copies of the instrument readout (strip-charts, printer tapes, etc.) Aill records of
analysis and calculations must be legible and sufficient to recalculate all concentrations.
Results are to be reported as mg N/l. ]

EPA QC reference samples, or any other reference sample or jnitial calibration verification,
will be identified as to source, lot number, and sample number., Corresponding 'truef or
target values and associated 95% confidence limits for analysis results will be provided
for all reference samples used.

“7. Other (use additional sheets or \ttach supplementary. informatiqn, as needed):
(tpat whid Jdﬂhﬂé@%@@ﬂ“ﬁﬂhbbﬂ
T 4 ~ 4
11. Name of sampling/shipping contact: ,/L4¢z/n;ua th4uk41.
Phone: #/Y </A’J ,7// XZZJ’J




§/014G-0-6/87
1. DATA REQUIREMENTS

Parameter:

Nitrate + Nitrite

Note: These are minimum
requirements, Report actual
detection Iimits used based
on allowable methodology
options.

NRtNOY" .

Analysis of Nitrate 6/29/87

Precision Desired

Detection Limit

0.10 mg/1 as N

{(+% or Conc.)

Duplicate results must
e within % for con-

centrations >img/l

or within 0.1 mg/1 for
concentrations < lmg/1

Results will be reported
to the nearest 0.1 mg/1

Tor conc. Tess than 1.0
mg/1 and to 2 significant

figures for conc. exceed-
ing 1 mg/1-N,

I1. QC REQUIREMENTS =~ Do not use any designated field blanks for QA audits.

Audits Regquired

Matrix Spike*

Lab Duplicate

Lab Blank (Imi/1 H2S04)

Calibration verification
standard

Calibration blank

1 set of EPA Nutrient QC
reference samples-conc.
1 and 2,0or EPA F/NO3

QC sample, WS serijes
Conc. 1 and ¢

Frequency of Audits Limits* (% or Conc.)

1 per group of 10 or 85% - 115%

fewer samples

1 per group of 10 or +(10% - or 0.1 0 mg/T)

fewer samples

2 per sample set <0.1 mg/1

1 per group 90% - 110%
of 10 or fewer samples and

at end of run

1 per group of 10 < 0.1 mg/l
samples or less

1 per sample set 85% - 115%

*Matrix spike concentrations will be 30% or larger, of sample concentrations,
but spiked samples should not exceed working concentration range of standard

curve,

111. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and reanalyze samples. Contact SMQO =

L
r“

-~ ———

e

?lease return this request to the Sampfe Management Office as soon as possible to expedite
yrocessing of your request for special analytical services. Should you have any questions
o~ need any assistance, please call the Sample Management Office.



5/018__-0-6/87 COD (Hi- and Lo-levels)
L 4 . ) -2~ 6-26-87

4.

6.

7.

8.

Estimated date(s) of collection: -
Estimated date(s) and method of shipment: ' dai /‘-4 L% avernidht Coursier
J v

Number of days analysis and data required after laboratory receipt of samples:

30

Analytical protocol required (attach éopy if other than a protocol currently used in
this program):

EPA Method 410.1 (Titrimetric, Mid-level) for COD > 50 mg/1.
EPA Method 410.2 (Titrimetric, Low-level) for COD < 50 mg/1.
Use Section 7.1 of Method 410.3 if chloride concentration exceeds 2000 mg/! in a sample.

If titration blank 15 necessary for each different amount of mercuric sulfate used for
jnhibition of chloride interference, SAS Packing Lists will note the samples requiring

assessment of chloride interferences. Measurement of chloride will be done using any
method of “Standard Methods",16th ed., or "EPA Methods for Chemical Analysis of Water and

Wastes , 1983 ed., whenever possible chlioride interference 1§ noted.
Samples will be preserved with 1 ml of HySO4 to pH less than 2 and kept at 4°C until

sample analysis and validation of results are completed. Holding time is not to exceed &
days from date of sample collection,

Special technical instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

1. Check sample pH (wide range pH paper). If pH>2, contact CPMS, CRL for further
jnstructions.

2. Use a) 50 ml sample aliquots for both methods, b) 0.250 N KaCrp07 reagent and 0.25 N
ferrous ammonium sulfate titrant for Method 410.1, and c¢) 0.0250 N KoCro0y reagent
and 0.025 N ferrous ammonium sulfate titrant for Method 410.2.

3. Dilute and reanalyze (by Method 410.1) any samples with COD values > 800 mg/1 or ti~

trant volumes < 5,0 mi., Reanalyze samples (by Method 410.1) 1f 1ni1tial samplie values
are > 50 mg/1 COD bv Method 410.2. Reanalyze samples (by Method 410.2) if initial

sample values are < 50 mg/1 COD by Method 410.1.
4. Any sample aliquots < 50 mls will be diluted to 50 mls so that the COO reaction mix- ~

ture will be 50% HpS04/ 50% water by volume.
5. Titration blanks will be determined, at least in duplicate each day of analysis and

will not differ more than + 0.1 ml titrant for Method 410.1 and * 1.0 ml titrant for
Method 410.2.

6. Separate sets of QA Audits wil] be performed for each method, 1f both methods are
used.

7. Use potassium hydrogen phthaiate as a matrix spike compound. Use 20 mg/l matrix Spike

concentration for Method 410.2.

8. Samples will be refluxed for at least 2 hours.

9. Homogenize sample aliquots, as necessary, to obtain sample aliquots of representative
suspended solids. .

10. Use only the method specified.




5/018G-0-6/87 COD (Hi- and Lo-lLevels) 6-26-87
1. DATA REOUIREMENTS‘I:‘||”‘J’-":ILD |

Parameter: Detection Limit Precision Desired

———rr ) - (2% or Conc.)

COD (Method 410.1) 50 mg/ Method 410.1: Differences in
sampie duplicates are to be

0D (Method 410.2) 5 mg/1l <or=to0.2m titrant or

X 8 mg/l for concentrations
< B0 mg/1 and < 10% for COD
concentrations exceeding

NOTE: These are minimum ‘ 80 mg/1.

requirements. Report Method 410.2: Differences in
actual detection limits sample duplicate results are ¢
used based on specified be < 1.0 ml titrant or < 4 mg/
methodologies. for concentrations less than

40 mg/1 and are to be < 5 mg/]
for concentrations between 40

50 mg/1.
I11. 0QC REQUIREMENTS
Audits Required Frequency of Audits Limits* (% or Conc,)
Matrix spike (KHP) at least 1 per qroup of
Method 410.1* 10 or fewer samples 85 - 115% Recovery (410.1)
Method 410.2(Use 20 mg/1 spike) 75 - 125% Recovery (410,2)
Diff < ( 8 mg/1 or 10%)
Lab duplicate " " (410.1)
v = bitfe < (4 mg/l -5 mg/1)
(410.2)
Titration blank (used for at least 2 per sample Diff in titrant volumes shall
calculation of results) set for each method used not exceed 0.1 ml for 410.1
and 1.0 ml for 410.2
1 set of EPA QC Demand 1 per sample set for 90 - 110% Recovery or < 8 mg/l
“Reference samples - each method used error for 410.1 and < 5 mg/1
2 concentration levels error for 410.2 in aliquot -
tested -

* . Matrix spike will be greater than 30% of the sample concentration, but spiked sample
shall not exceed 800 mg/1 for Method 410.1.

I11. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and reanalyze samples. Contact SMO - T —

. .ease return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office.



5/018__-0-6/87 (2) COD ( Hi- and Lo-levels)
'3 6/26/87

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc, ). If not completed, format of resu]ts will be

left to program d1scretion.

Bench records, tabulating titrant standardization, titration
volumes for titration or sample blanks (2 or more in number), samglesI and QA Audits will
be provided for each method used. All records of analysis and calculations must be
_legible and sufficient to recalculate all sample concentrations and QA Audit results.

T Records of chloride analysis will be provided for any samples sO specified on the RAS/SAS
Traffic Report or SAS Packing List. Separate bench records will be provided for any COD
determinations of high chloride samples (>2000 mg/1 C1) including we;gnt of mercuric
sulfate used, sample titration volume and titration blank volume for each sample type.

T EPA QC Reference samples, or any other reference samples, will be identified as to source,

lot number, and sample number. Corresponding "true" or target values and associated
95% confidence limits for analysis results will be provided for all reference samples

used.

10. Other (use additional sheets or attach supplementary information, as needed):

11. Name of sampling/shipping contact: VﬁVYlA(JQL Viehl
Phone: 4)4-Ysy_ £7)] x22>253
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U.S. ENVIRONMENTAL PROTECTION AGENCY
CLP Sample Management Office

P.O. Box 818 - Alexandria, Virginia 22313
Phone: 703/557-2490 - FTS/557-2430

A.
B.
C.
D.
E.

SAS Number

SPECIAL ANALYTICAL SERVICES
Client Request

Regional Transmittal Telephone Request

EPA Region/Client: Y
RSCC Representative: _&n P OLS

Telephone Number: _ (3(2) 353 2720

Date of Request:

Site Name: }—\'\Mo D\)W\'ﬂ ¢ lkhart Draiana

Please provide below description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory
capability for your request, please address the following considerations, if applicable.
Incomplete or erroneous information may result in a delay in the processing of your
request. Please continue response on additional sheets, or attach supplementary
information as needed.

l.

2.

3.

General descnptxon of analytical service requested: %}ml\/ $C 0[ 77
low (evel wter
Sanples ,/_u_fu be OMNered 14 the Leid
Hhounh g 0.45 micrmn AMNecand are b be

Qnal#zoed ,MH_@Q 49 bg;gq% Collechon.

Definition and number of work units involved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medium or high concentration):

27 whole agueous le W Jeve
(hj‘%‘)‘D/uL@ ]Q\VQS 0.7 - = YQHL)

Purpose of analysis (specify whether Superfund (enforcement or remedial action),
RCRA, NPDES, etc.):

< L),ocrﬁund Vvenvdial (v \/C‘Shjabbn




8. Estimated date(s) of collection:

J.  Estimated date(s) and methéd of shipment: I'/ oemishl
' Q@ uier~ v

6.  Number of days analysis and data required after laboratory receipt of samples:
20

7.  Analytical protocol required (attach copy if other than a protocol currently used in
this program):

LUSGES wethod T-2057-85 “Anions  Ton -
Exchange ngrOmat%?f_a’oh[cJ} automated ”
i 48 hrs of” collechon

analyze with

8.  Special technical instructions (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

_gpﬂm'z‘g imohxo_@q_m%aff/k, codibms 1o
_svyam_ﬂmm A Nihale, ¢ SUlfa@ os

only bremide < 1o be Qralyerd+ reporyed

"

LUs)rp :z_"ZMS. :§ﬁ§ . Select &gfd?b/" + SJoscelsor
olumne 0,0'h\&wth bd)m;/dc, ey;.solnéhbn.
b y e SK include gt (€ast § points bt
9. i?\alygé ?qul%.‘sireguirgb &Jknown, specify format for data sheets, QA/QC
reports, Chain-of-Custody documentation, etc.) If not completed, format of results
will be left to program discretion. _Repevt resu[fs go vile diSsolved

bf\)m (Zte.. '3@‘5 recods jz:bu/‘;n‘n . A1t order &'nﬂMm_m._Qf
ibat; Ao, callbah on Verihcathm Sta cat

calibpbon chundarde _
cives, lab contvol S*l:n'\iaqi,_lab_bla_,qul lab 4up lial,, Qb@Mi

10. Other (use additional sheets or attach supplementary information, as needed):

11. Name of sampling/shipping contact: _Marcia Kueh I S
Phone: ( ) 44—45 1800 2Y2 700 X2253

6W.H'¢'\ aﬁioua'(-c& C,L\/OMWMMS' + Conpg~Naho~s /(,fo/ﬂ.J bj W ,,,7,‘1-0,
Aphatocopy of The nstumele veadouTs Al The aelhrge (conducriiit,
(™ chrwaT2pmaph Opeadry Y showld be mcliged. all recorns o?/
aralysus must bclfcg/ble and svfhdest 1ty cnlewlale g1 Conue~Nabons
anvd é'wul, NLult-




12. Data Requirements

' . Precision Desired
Parameter Detection Limit (£9% or Concentration)

_Byomide 0-10 Myl + 101 for bomele
Lontrhating > 0.50 mtlc
=0.1b C

gherwige Fo ml

<n.s ?ll-

13. QC Requirements

Limits

____Audits Required Frequency of Audits (Percent or Concentration)
Lah Blank- 44"{? (ot lcast < 90.]0m9/C
‘ 1 per 20syls)

Lab Contvol Sample daily Cat (east 85-11yy. rewvesy

| 4 per 2050l )
X netny Seoi Ke Ong pes |O Samples Ss5—1sy. fECovt:y
lab dvplitate 3a * 10l rpd
Callbrataon Mecihicaton dally (at (Cedt 90 =10 '//ccovr{/\,
Standard " 4 per 20senmples)
14. Action Required if Limits are Exceeded A
Toke corrtthre gchon gad earalyze Sanples

Covitack \YW%ML_%@MQL_

" Please return this request to the Sample Management Office as soon as possible to
expedite processing of your request for special analytical services. Should you have any
questions or need any assistance, please contact your Regional representative at the

Sample Management Office.

¥ awiy. Soike Concentation o be Z 30% sample concentation.



Anions, ion-exchange chromatographic, automated

Parameters and Codes:
Anlons, dissolved, |-2057-85 (ses below)

Parameter Code
Bromide (mg/L. as Br) 71870
Chloride (mg/L as Cl) 00940
Fiuoride {mg/L as F) 00950
Nitrate (mg/L as N) 00618

1. Application

1.1 This method may be used only for the
determination of dissolved bromide, chloride,
fluoride, nitrate, nitrite, orthophosphate, and
sulfate in natural water. Table 11 shows approx-
imate lower and upper concentration limits. Ac-
tual limits depend on many factors including
the column age, which affects column resolu-
tion, the relative concentrations of closely
eluting species, and the volume of the sample
injected. Samples containing anion concentra-
tions high enough to overload the column resins
or interfere with closely eluting species need to
be diluted or a sample loop smaller than the
200-uL. sample loop specified in this method
needs to be used. Sample dilution or use of
smaller volumes will change the detection limits
for all anions.

1.2 Analyses must be performed on filtered
and unacidified samples.

1.3 The ion chromatographic (IC) technol-
OgY is so new that instruments and associated
data-processing equipment and software
available on the commercial market are not
standardized and operating conditions vary
enormously. Until operating conditions of
various manufacturers’ instruments become
more comparable and the equivalency of
methods using those instruments is established
by extensive testing, the IC method approved
for U.S. Geological Survey use will specify
instrument and associated software brands.
This does not imply endorsement of one prod-
uct over another, but rather, acknowledges

Parameter Code
Nitrite (mg/L as N) 00613
Orthophosphate (mg/L as P) 00671
Sulfate (mg/L as SO 00945

Table 11.—Working ranges of anions by ion

chromatography
;

Constituent tmor) (mo/L)
Fluoride 0.01 50
Chloride 20 50
Nitrite-nitrogen 02 70
Orthophasphate-phosphorus .06 40
Bromide .10 150
Nitrate-Nitrogen .05 150
Sulfate 20 100

wWith a Larger sampie joop pie, 600 al),

tion leveis can be lowered.

that IC technology is rapidly changing and
developing.

2. Summary of method

2.1 A sample is injected into an ion
chromatograph and is pumped through three
different ion-exchange columns into a specific-
conductivity detector. The first two columns,
a precolumn and separator column, are packed
with low-capacity anion exchanger. Ions are
separated based on their affinity for the ex-
change sites of the resin. The last column is a
suppressor column that contains cation-
exchange resin in the hydrogen form. The sup-
pressor column reduces the background conduc-
tivity of the eluent to a low or negligible level
and converts the anions in the sample into their
corresponding acids. The separated anions in
their acid form are measured using an electrical-
conductivity cell. Anions are identified based

523




524 TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS

on their retention times compared with known
standards. Quantitation is accomplished by
measuring the peak height or area and by com-
paring it with an analytical curve generated from
known standards.

2.2 During analysis, the suppressor column
will slowly be exhausted and, therefore, will need
to be regenerated. Other suppressors, such as the
hollow-fiber suppressor, which is continuously
regenerated, may be used.

2.3 For additional information on ion
chromatography, see Small and others (1975) and
Fishman and Pyen (1979).

3. Interferences

3.1 Because bromide and nitrate elute very
closely together, they potentially interfere with
each other. Bromide-to-nitrate ratios should not
exceed 1:10 or 10:1 if both ions are to be quan-
titated.

3.2 High levels of organic acids may be pres-
ent in industrial and domestic wastes which may
interfere with inorganic-anijon analysis. Two com-
mon species, formate and acetate, elute between
fluoride and chloride.

3.3 Water from the sample injection will
cause & negative peak or dip in the chromato-
gram when it elutes, because its conductivity is
less than that of the suppressed eluent. This dip
usually occurs between F-! and Cl-). Any peak
of interest eluting near the water dip must be suf-
ficiently resolved from the dip to be accurately
quantitated. A method of eliminating the con-
ductivity drop due to bicarbonate and carbonate
is to introduce into the sample concentrations of
bicarbonate and carbonate that closely approx-
imate those of the eluent used for analysis. Ad-
justment of the sample background may be
accomplished in two ways,

3.3.1 Dilute the sample with eluent if sample
dilution is required prior to analysis.

3.3.2 A volume of 1.0 mL of a prepared eluent
concentrate (a solution that is 100 times more
concentrated than the eluent with respect to
bicarbonate and carbonate ions) can be added per
100.0 mL of sample. CAUTION: Samples pre-
pared in this manner have a pH of about 10 and
will readily absorb carbon dioxide if left exposed
to the atmosphere The result will cause a
positive-peak interference.

3.3.3 Standard solutions need to be prepared in
the same mannper as the samples. It is important

to prepare a blank using demineralized water at
eluent strength in bicarbonate and carbonate to
indicate any interferences that may have been in-
troduced by the sample-preparation technique.

3.4 Samples containing high concentrations
of chloride or other anions may prevent resolu-
tion of closely eluting peaks. For example, the
peak for 0.1 mg of bromide per liter in the
presence of greater than 1,000 mg of chloride per
liter is swamped by the chloride peak. Bromide
begins to elute before the chloride peak complete-
ly returns to the baseline.

3.5 Unexpected, late-eluting peaks are a
potential source of interference. A peak eluting
about two minutes after sulfate, believed to be
oxalate, has been observed in some precipitation
samples.

4. Apparatus

4.1 Ion Chromatograph, Dionex Model 12;
auto-sampler, Gilson; integrator (NOTE 1), Spec-
tra Physics using the following operating con-
ditions:

Sample loop -------- 200 uL

Eluent flow rate ----- 138 mL/h (30
percent of full
capacity)

Sample pump flow rate 50 percent of
full capacity

Specific conductance
meter settings ---- 10, 30, or 100 pS
NOTE 1. A dual pen recorder (1 V and 100 mV)
may replace an integrator. The recorder should
be capable of full-scale response in two seconds
or less. A typical chart speed is 0.5 coo/min

4.1.1 Precolumn, 4 X 50-mm, fast-run, anion-
resin column (Dionex PN 030831 or equivalent)
placed before the separator column to protect the
separator column from contamination by par-
ticulates or species strongly retained by the ion-
exchange resin.

4.1.2 Separator column, 4 X 250-mm, fast-
run, anion-separator column packed with low-
PN 030830 or equivalent) that is styrene
divinylbenzene-based. This is suitable for resolv-
ing fluoride, chloride, nitrite, orthophosphate,
bromide, nitrate, and sulfate.

4.1.3 Suppressor column, 6 X 250-mm,
column-packed, with a high-capacity, column- ex-
change resin (Dowex 50W-X 16-H form resin or
equivalent) that is capable of converting the

e AP et
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METHODS FOR DETERMINATION OF INORGANIC SUBSTANCES 525

eluent and separated anions to their respective
acid forms.

4.2 For additional information, refer to the
different manufacturers’ instruction manuals.

5. Reagents
5.1 Eluent, 0.003 M sodium bicarbonate-

0.0024 M sodium carbonate: Dissolve 0.2520 g
NaHCO; and 0.2544 g Na,CO; in demineralized
water and dilute to 1 L (NOTE 2).

NOTE 2: Eluent concentration may be varied
slightly to obtain the same retention times for
each anion when a new separator column is used.
The NaHCO; is subject to thermal decompoesi-
tion and must be weighed without prior drying.

5.2 Suppressor regeneration solution, 1N
H,S0,: Cautiously add 111 mL concentrated
H,SO, (sp gr 1.84) to approx 600 mL deminer-
alized water. Cool and dilute to 4 L with demin-
eralized water.

5.3 Standard anion solutions: Dry all salts
for 1 h at 105°C unless otherwise specified.
Store each standard solution in TFE-fluor-
ocarbon bottles.

5.3.1 Bromide standard solution, 1.00 mL =
1.00 mg Br: Dissolve 1.2877 g NaBr in demin-
eralized water and dilute to 1,000 mL.

5.3.2 Chloride standard solution, 1.00 mL =
1.00 mg Cl: Dissolve 1.6484 g NaCl in deminer-
alized water and dilute to 1,000 mlL.

5.3.3 Fluoride standard solution, 1.00 mL =
1.00 mg F: Dissolve 2.2101 g NaF in deminer-
alized water and dilute to 1,000 mL.

5.3.4 Nitrate-nitrogen standard solution, 1.00
mL = 1.00 mg NO,;-N: Dissolve 6.0681 g
NaNO, in demineralized water and dilute to
1,000 mL.

5.3.5 Nitrite-nitrogen standard solution, 1.00
mL = 1.00 mg NO,-N: Dissolve 4.9259 g
NaNO, in demineralized water and dilute to
1,000 mL.

5.3.6 Phosphorus standard solution, 1.00
mL = 1.00 mg P: Dissolve 4.3936 g anhydrous
KH,PO, in demineralized water and dilute to
1,000 mL.

5.3.7 Sulfate standard solution, 1.00 mL =
1.00 mg SO, : Dissolve 1.8140 g K,SO, in de-
mineralized water and dilute to 1,000 mL.

6.4 Mixed stock solution: Prepare 1,000 mL
mixed stock solution by appropriate guan-
titative dilution of each standard solution
(NOTES 3 and 4).

Concemtration Volume
Asica L)
5.00
50.0
N 5.0
-P 5.0
-N

E

F
Cl
NO
PO,

Br 5.0
NO, 50.0
SO, 50.0

888

NOTE 3. If nitrite is omitted from the mixed
stock solution, the solution is stable for at least
1 month when stored and refrigerated in a clean
TFE-fluorocarbon bottle. If nitrite is included in
the mixed-stock solution, the solution needs to
be prepared fresh daily.

NOTE 4. The above is only an example of a
mixed-stock solution. Other appropriate concen-
trations can be prepared.

5.5 Mixed standard solutions: Prepare at
least three mixed standard solutions by ap-
propriate dilution of the mixed stock solution
The solutions should bracket the concentration
range of interest.

6. Procedure

6.1 Set up the ion chromatograph according
to the operating parameters described in 4.1.
Equilibrate the columns with eluent until a
stable baseline is obtained. Allow approximate-
ly 30 min for equilibration.

6.2 Set the full-scale conductivity to 10, 30,
or 100 uS as is appropriate for the expected
sample-anion concentrations. The higher settings
are required for higher sample-anion concen-
trations.

6.3 Level the integrator at 10 mV (a display
of 1000 with no signal). Adjust the ion
chromatograph’s offset to approximately 11 mV
(a display of 1100). This ensures that the ion
chromatograph'’s signal will not fall below 10 mV
during the course of the analyses. The baseline
signal tends to drift in a negative direction over
a long period of time. Each chromatogram can
be started at a signal level of 10 mV using the
integrator’s automatic-zero control

6.4 Enter an appropriate program into the
main program controller of the ion chromato-
graph according to the manufacturer’s instruc-
tion manual. The system is configured so that
the ion chromatograph controls the autosampler
and starts the integrator at the beginning of each
sample injection (NOTE 5).
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NOTE 5. For additional information on compu-
terized data reduction, see Hedley and Fishman
(1982).

6.5 Place the mixed standard solutions in the
first positions of the sample tray followed by a
standard reference material and then the sam-
ples. Place a standard reference material in every
twentieth position of the remainder of the sam-
ple tray.

6.6 Create an information file in the in-
tegrator by pressing the DIALOG key. Through
this information file, various integrator functions
can be enabled or disabled during the recording
of a chromatogram. The only necessary function
is ER (end run). It terminates the chromatogram
at the appropriate time as determined by the
operator’s setting of the ion chromatograph's
controller, which actuates the sampler and causes
the injection of a new sample.

6.7 Press the integrator's PT EVAL key be-
fore starting a series of analyses. The integrator
will take about 50 s to store the baseline signal
so that a peak can be distinguished from baseline
noise. The baseline noise can be evaluated before
each chromatogram, using the integrator's ET
function.

6.8 Set the ion chromatograph’s PGMAUTO/
MANUAL switch from MANUAL to AUTO and
press Start/Step to begin the analyses.

7. Calculation

7.1 The integrator automatically computes
the concentration of each anion in each sample
by comparing its peak height or area to the
analytical curve. Retention times for the seven
anions are given in table 12.

8. Report

8.1 Report bromide (71870), chloride (00940),
fluoride (00950), nitrate-nitrogen (00618), nitrite-
nitrogen (00613), orthophosphate-phosphorus
(00660), and sulfate (00945), dissolved, concentra-
tions as follows: less than 1 mg/L, nearest 0.01
mg/L; 1 mg/L and above, two significant figurea.

9. Precision

9.1 Analysis of a number of test samples 10
times each by one operator resulted in mean
values, standard deviations, and percent relative
standard deviations as shown in table 13.

TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS

Table 12—Approximate retention times of anions by ion

chromatography
Time
Constituent min)
Fluoride 22
Chioride a3
Nitrate-nitrogen 40
Orthophosphate-phosphorus 49
Bromide 65
Nitrate-nitrogen 75
Suifate 86

Table 13.—Pracision for ion chromatographic determination
of anions

Reistive
Mean  deviation deviation
mol (mol)  (percent)

0295 0020 68
Chloride J2 04 58

Do. i ol 06 35
Do. 272 24 88
Do. 584 19 32
Da. 9.90 39 39
Do. 5886 7 12
Do. 19 12 10
Fluoride 018 004 222
Do 080 010 1258
Do s 02 25
Do 92 o)} 11
Do, 202 15 74
Nitrate-nitrogen 12 o 83
Do 42 051 19
Do .70 081 14
Da. 127 05 a8
Do. 526 14 27
Nitrite-nitrogen 03 01 333
Orthophosphate-phosphorus 273 010 37
Suitate 1.88 05 3.0
Do. 388 10 26
Do 151 B0 53
Do. 821 k-] 14
Do 100 14 1.4
Do. 148 3 20
References
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U.S. Environmental Protection Agency

Y e e - e o ae- . - -

CLP Sample Management Office AS Number

, 0. Box 818, Alexandria, Virginia 22313
YHONE: (703)/557-2490 or FTS/557-2490

SPECTIAL ANALYTICAL SERVICES
Client Request

' )‘r ' Regional Transmittal l l Telephone Request

EPA Region/Client: v/ '

RSCC Representative: Jap Pele

Telephone Number:  (312) 2383-2720

Date of Request:

Site Name: _H’ln.’\c,b DW\'Q ) Q@’t WNdigna

Please provide below 2 description of your request for Special Analytical Services under

the Contract Laboratory Program. In order to most efficiently obtain laboratory capability fo
our request, please address the following considerations, if applicable. Incomplete or

erroneous information may result in delay in the processing of your request. Please continue

response on additional sheets, or attach supplementary information as needed.

1.

2.

General description of analytical service requested: Analysis of drinking watsw/
residential wells for volatiles, semi-volatiles, and pestirides/PrR¢ with low

gquantitation limits.

Definition and number of work units involved (specify whether whole samples or
fractions; whether orgamcs or jnorganics; whether aqueous or soil and sediments;

and whether low, medium, or high concentration):

17 Jow level fesidental wetd plers -VoA (3 ieblonk)
16 lowlonel Asolge bl witl wudlns — BUA PR et

Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,

NPDES, etc.):
Supectund__Remedial Dnveshgatron

Rev. &Y 8-0/ 5/8'7
e
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9.

10.

11.

Estimated date(s) of collection:

Estimated date(s) and method of shipment: Olé“\t}d b}/ Q/P/n/'alnt o,oU/faf

Number of days analysis and data required after laboratory receipt of samples:

7 days for analysis. Final rgpgrf nd ' . ¥s.

Analytical protocol required (attach copy if other than a protocol currently used 1n

this program):

CLP_SOW for Organic Analysis (Multi-Media, Multi-concentration) SE¥. a!?&

Special technical instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

€3
1. Modifications to the CLP Organic SOW yg/ in Attachment I.

Z. Required low level quantitation 1imits in Attachment II.

rs
g

Analytical results required (if known specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discreti

on
As per CLP Organics SOW ﬁ with modifications as outlined in Attachment I.

Other (use additional sheets or attach supplementary information, as needed):

Name of sampling/saizoing contact:_ YNas«a Yool

Phone: M4 -4sE-%71) x 2253‘#; —




\—

3.

I. DATA REQUIREMENTS

Parameter: - __Detection Limit Precision Desired
g . (#%,0or Conc.)
See attachment 1T See attachment 1T T o0y

IT. QC REQUIREMENTS

Audits Required Frequency of Audits Limits* (% or Conc.)

5T 2 . .
As per CLP Organic SOW é As per CLP Organic SOW g Exceptions to CLP Organic
SOW @E87: See attachment I.
2/&8

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

. o V.
Mease return this request to the S:~ - “anagement Offica as soon as possible - 2xpedite R&o
*rAraceinn Af vAn~ <zrnece* far gne-~- 1z1vtical serviz:z. Should you have an, :uestions &7



ATTACHMENT 1 (page 1 of 2)
MODIFICATIONS TO THE CLP ORGANICS SOV 8/87
FOR THE REGION V RESIDENTIAL VELL SAS

1. Special Technical Instructions.
Volatile Analysis \ .

a) Sample volume Is increased from 5 al to 20 or 25 ml to achieve
lower detection limits. Lab must use the same volume of sample that
{s usec for the MDL study. 3

b) Acrolein and acrylonitrile are additional target
conpounds. These compounds will be added to both inftial
and continuing calibration mixes. Acrolein and
acryl!onitrile will use bromochloromethane as internal
standard. The primary and secondary quantitation ions to
be used for these compounds are:

Conoound Primary lon Secondary lon(s)
Acrolein 56 §5
Acrylonitrile 83 52

c) Initial calibration: Five point initial calibration - 5,
10, 20, 40 and 60 ug/L for all compounds except for
acrolein and acrylonitrile, which should be analyzed at
25,50,75,100 and 125 ug/L.

d) Continuing calibration: Performed at 20 ug/L for all
compounds except acrolein and acrylonitrile, which should
be analyzed at 50 ug/L.

e) Surrogate standards: SOW standards spiked at 20 ppb.

f) Matrix spike/matrix spike duplicate: Matrix spike
compounds at 20 ppb.

Semivolatiles Analysis

a) Extraction/blowdown: Extract the entire one liter bottle, rinsing
the cap & bottle and add to sample. Final blowdown volume may
be decreased to 0.5 m! to achieve required detection
limits,

b) Initial Calibration: Five points at 5,10,20,50, and 100
total nanograms except for benzoic acid, 2,4-
dinitrophenol, 2,4,5-trichlorophenol, all three
nitroaniline isoners, 4-nitropheno), 4,6-dinitro-2-
methylpheno! and pentachlorophenol which should be
analyzed at 20,50,80,100 and 120 total nanogrames.
The laboratory should notify the Region if this calibration range
is not possible.

¢) Continuing calibration: 20 total nanograms except for
benzolc acic, 2,4-dinitrophencl, 2,4,5-trichlorophenol,
all three nitroaniline {somers, 4-nitrophenol, 4,6-
dinitro-2-methylphenol and pentachloropheno!
which should be analyzed at SO total nanogranms.

d) Surrogate standards: SOW standards spiked as 20ppd
for base-neutral standards and 40ppdb for the acid
standards,

e) Matrix spike/matrix spike duplicate: Matrix spike
compounds as per the SOV spiked at 20ppb for base-

e - o —— —
e N A S
L mty e ’ U tat
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neutrals and 40ppb for the acids.

ATTACHMENT 1 (page 2 of 2)

Pesticides/PCBs Analysis

a) Extraction/blowdown: Extract the entire one liter bottle; rinse

cap & bottle and add to sample. Final blowdown voluame
may be decreased up to 0.5aL to achieve required detection
linits.

b) Surrogate standard: Spiked at 0.2 ppb.
c) Matrix spike/matrix spike duplicate: SOW Matrix spike

compounds spiked at 1/5 the SOW concentration.

2. Analytical Results Required.

b.

(-1

Quantitation Limits: Organic Analysis Data Sheets, Fora
will reflect method detection limits experimentaliy
determined and verified previously by the contractor.
Additional volatile parameters: Results will include

all data for acrolein/acrylonitrile analogous to the
other volatile target compounds in the SOW. Fora 1s may
be appended to include these parameters.
Dilutions: The contractor will request permission of the
Region to dilute any sample exceeding the Initial
calibration range for any parameter. Diluted anc undiluted
sample data will be inclucded in the results as per the
SOW.

Requirements:

Initial Calibration (Volatiles/Semivolatiles):

SPCC criteria apply.

The SRSD for the RFs for al! compounds must be < 35X%.

The RFs for all other (non SPCC) compounds must be > 0.05.

. Continuing Calibi?tion:

SPCC criteria apply.

The %D for the RFs for all compounds must be ¢ 25%.

The RFs for all other (non SPCC) compounds must be > 0.05.
Matrix Spike/ Matrix Spike Duplicates:

S0W criteria apply for SR and %RPDs.

. Surrogates:

Sow criterfa apply for %R and corrective action.

Blanks:
Sow criteria apply, however, the calculated MDLs must be used

instead of RAS CRQLs.



ATTACHMENT I1 lof 4

(ALL UNITS ARS MICRCGARAMS/LITER)

ANALYTE QUANTITATION LIMIT
BENIENE 71=43~2 1.7
BRC™CDIC=L2RC™ETRANE TE—2T=% 1.=
BEROMOFDA~ 7%-2%-2 1.=
ERCMOMETHANE . 74-33-3 L5
CARSSN TETRAZ=LIRIDE €5-22-% .S
C-iLT32TZ%IzZuE 1OE=Zu0- .S
CmuD3CETmaNS 7E=00=3 1.%
CmuLIRCFIRM €7-58-3 1.5
CHLORCMETHANE 764-87-3 1.5
DIERCMOCH=LORCMETHANE 126=ba-1 1.5
1, 1=DICALORIETHANE 7==34=3 1.
1, 2=DICRLORCETHSNE 107=06-2 1.%
1.1=DICRLORCETHENE 7Z-3%~4 1.5
+oTal =1.2-DIC=LORCETHENE . 1.5
1,2-DICHLORCSRCEANE 78-37-% 1.5
eis=-1,3-DIC-LOPRCPAROPENE 10061-01-5 3
trans-1, 3-DIC~LOROPRCEENE 10061~02-5 b1
ETHYL BENZENE 100=41=4 1.
METRYLENE C~L2RIDE (=) 7TT-0%=-2 1
1.1.28.2=TETRACHLORCETHANE 75=34~% 1.5
TETRACALIROE T=ENE 127-18-4%. 1.%
TOLUENE (=) 108-~36-3 1.5
1,1, 1=-TRICSLCROSETHANE 71-25-< 1.=
1.2=TRICLCRCETHANE 72=00-5 1.5
TRICHLORCETRENE 75=-01-5 1.5
VINYL CHLORIZE TE=Q1=4 1.8
ACRCLEIN 107=-02-3 as
ACSTONE (=) €7~64=1 5
ACAYLONITRILE 107-13-1 Y
CAREON DISULF:-DE * 7S=1%=) 3
£-BUTANCNE (a&) 78-93-3 s
VINYL ACETATE 108-05~4 - =
4—nE°HYL-2-9=NTRNGNE 108=-10-1 1.5
E=-HEXANCNE S189-78-5 5
STYRENE 100-42=-5 1
m=XYLENE %¥ 106-38-3
C=XYLENE = 9=-47~5 S
B=XYLENE o= .- 106 -42=3

& COmMMCN LAECRATORY SOLVENT

BLANK LIMIT IS Sx METHOD DETEZTION LIMIT

™yl ~

o THE o-x%-~w= AND p—va=~E ARS REPCQRTED As A TOTAL OF THE &=

“Rev. a3l
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e=21-121
S-52=18 .
g-oS—-2£1T
Z2=-50-€6
e~-2E~-29
e=-0e-3¢9
C=1T~-1IC2T
E5-36-8C2
L-B3~16
w=28-26
c~-90-98
v=Llo=LL
2-02-8%
e S=-13-16
oe O-38-29
a° C=PS=L8"
B-L19-901
C=~C2S-16
1=28-021%
c=-cE-Cc2t
T=16=-111
S=15=-301
S-5,(-89
T=-£a-8L
3=79-901
£-32£~-88
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ANALYTE

F.UCRENE

(CONTINLED) (ALL UNITS RAE MICROGRAMS/LITER)

4-NITRCE=ENZL

b= _OROCE=ZNYL

IETMYL

ATTACHMENT I!

PRINYL ETRES
P=TmALATE

4, 8-DINITRC-2-ETAYLS-INCL

N=NITRISIZ STyl

AFINZ e

DIS=ENY_Am (N o
b=NITRCANILINE

=2 RCmO==ENYLL

RCEENZENE

RrEXACmLD

PENTRCHSLORI==ENCL
PmENENTRRENE
ANTHRACINE

Dlen=2UTYL

FP=THRLATE

FLUCRANTRENE

PYRENE

BUTYL BENIYL

P=THRLATE

CHRYSENE o

BENZIC () RNTHEATENE

>

P=ENY. ETmMER

BIS(2=ZT=HY_=ZUYL) PWTRRLATE

DI=n=0CTYL F=THMmlLATEZ
BENIT(D)F_TSSNTRENE e

L 2 & J

BENZT (a) BYSENE
INDENC (2, 2. Z-22) RPYRENE
DIBRSNZ0O(a. =) ANTHRACSNE
BENZO(z. ., i) FESYLENE
2=-NITRCANI_INE -~

- THESE
THESE
*ees THESZ

L 2 4

VALUES

IN

Twl PRRAMETERS
Twl PARAMETERS
Tws PARAMETESRS

DETERMINED AT THIS TImME.

CAS »

86&~72-7
100=0e-7
7008-72-3
8e=38-2
C3e=-T2~-1
83-30=3
1&:_'.".'.-.',
100=01=<
101=82~3
118-74-1
87-36-=
8s-01-8
129-12~7
Ba=T4=-2
206-44—0
128=-00-0
8S-58~-7
2:8-01-%8
S&5-%Z-3
1:7-81-7
1.7=84&=0Q
evs-9¢~-2
ed7~0e~-3
S0=-32-3
193-35-3
S2=-70-3
191=-26=2
88=Tbh—4

PRRENTHESZS ARE ESTIMRTES.

Jof 4

QUANTITATION LIMIT

-

(23

1
.=
b

b
)
1.:
I’.:
1.8
e

1
2.2
2
i.%
i1.S
3.<
i1.S
b
1.-
1.5‘
e
.2
2.5
&

1

£ RERPORTED RS A TOTAL
£ REPORTED AS A TOTAL
£ REPQRTED AS A TUTAL

ACTUAL VALUES

RRE EEIN

s

G

-

. &8



Target C

Aarget Lowpound List (ICL) and
Contract Required Quantitation Limits (CRQL)*

Attachment 1L

ound List (TCL) and

d of 4

Quantitation Lim{cgw»

Water

Pesticides/PCBs CAS Number ug/L
alpha-BHC 319-84~6 0.010
beta-BHC 319-85-7 0.005
delta-BHC - 319-86-8 0.008
gamma-BHC (Lindane) 58-89-9 o,ogg
Beptachlor 76-44~8 0.0
Aldrin 309-00-2 0.005
Heptachlor epoxide 1024-57-3 0.005
Endosulfan 1 959-98-8 ,010
Dieldrin 60-57-1 8 Ob%
&,4'-DDE 72-55-9 0.0
Endrin 72-20-8 0.010
Endosulfan 11 33213-65-9 0.010
4,4'-DDD 72-54-8 0. 09,0
Endosulfan sulfate 1031-07-8 0.10
4,4'-DDT 50-29-3 0.0a0
Methoxychlor 72-43-5 0.020
Endrin ketone 53494-70-5 0.030
alpha-Chlordane 5103-71-9 0.020
gamma-Chlordane 5103-74-2 020
Toxaphene 8001-35-2 8 a
Aroclor-1016 12674-11-2 0. 10
Aroclor-1221 11104-28~2 o0
Aroclor=1232 11141-16-5 010
Aroclor-1242 53469-21-9 0.l0
Aroclor=-1248 12672-2%-6 0.l O
Aroclor-1254 11097-69-1 0.10
Aroclor=1260 11096-82~5 0.0
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fES.WeMS ino SAS

5/030__-4-5/87 Drinking Water (Inorganics)

91.S. Environmental Protection Agency
,LP Sample Management Office SAS Number
P. 0. Box 818, Alexandria, Virginia 22313
PHONE: (703)/557-2490 or FTS/557-2490

. - Approved for Scheduling
Epproved For Scheduiirgy , g SPECIAL ANALYTICAL SERVICES

'ch.Lo'f - Client Request
APR 2 ; losg Eg—

l X I Regional Transmittal l Telephone Request

A. EPA Region/Client: ° A |

B. RSCC Representative:  Jon Pels

C. Telephone Number: (312) 383-2720

D. Date of Request:

E. Site Name: H’j)mcb %\M abka/t: 4 Dndianq

Please provide below a description of your request for Special Analytical Services under

“he Contract Laboratory Program. In order to most efficiently obtain laboratory capability for
Jour request, please address the following considerations, {f applicable. Incomplete or
erroneocus information may result in delay in the processing of your request. Please continue
response on additional sheets, or attach supplementary information as needed. '

1. General description of analytical service requested: Analysis of Drinking Water

and/or residential well water for metals and cyanide using detection 1imits lower than So&

'YS‘o&Jas‘a')ﬁ"(See Attachment II) Six elements are to be determined by 6FAA using the method of

A "4

Standard additions. GFAA analysis of samples free of par‘t‘lcu'lates may be conducted on the .

e i e sera . - - At

.o T TaeMLTTINTT L. A"-J -.- :-

~"und} gested samp1e._..__ . - L e . e

T i .y

2. Definition and number of work units {nvolved (specify whether whole samples or =~ °
fractions; whether organics or {norganics;.whether aqueous or 3011 and sediments
and whether low, medium, or Mgh concentration) SR °-__.j-;

~." }"-o--_-.-'....-s
R LT TR R Iy Y VPt 2 ’ (m

’(0 "]DW‘ ,M ﬂij Mw M*‘(/‘S — _._-

-

3. Purpose of ana1ysis (specify whe'ther Superfund (Remedial or Enforcement), RCRA,

NPDES, etc.):
_Superfund Rorredin i \/tJ'haa'éovx

-Rer—4—9-50
5787 /114
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5/030__~4-5/87 -2 - Drinking Water (Inorganics)

A, Estimated date(s) of collection: -
5. Estimated date(s) and method of shipment: Aqf'ly ‘pq W&/n:/ﬂhif rounesr”
v/

6. Number of days analysis and data required after laboratory receipt of samples:

1 dayc o Amaligor, Bral pn & sdatn due 10 IS days,

7. Analytical protocol required (attach copy {f other than a protocol currently used in
this program): Inorganic analysis as per SOW 785, IFB WA-85-J838, with the exceptions

1i{sted in Attachments Il & IIl. ICP emission spectroscopy, mercury, &nd cyanide analyses

follow the SOW mentioned above for sample preparation and analysis protocol with the

i{nstrument detection limits and matrix spike levels given in Attachment Il and the QC
audits as described in Attachment 111. GFAA analyses may be run undigested if the sample:
are free of particulates. If particulates are present the samples are to be digested as
per SOW mentioned above. The ICP digest 1s to be used for Sb analyses, if digestion 1s
required. A detailed set of instructions for conducting the GFAA analyses are included
{n Attachment IIl. Special instrument detection limits and matrix spike levels are
1isted on Attachment II.

8. Special technical {instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection 1imits, etc. g 1) Check the pH of each sample (wide range
pH paper {s acceptable). If the pH values are outside of the spec.fied limits of
SOW785, contact Region V for {nstructions.
ET*Instrument Detection 1imits(10L) of Attachment [l are to be met prior to any sample
analysis. 3) Soike Ca, Mg, Na and X and all other parameters as per Attachment Il.
‘The Spikes for these four anaiytes shall be to a separate aliquot uniess documentation is
provided that no contamination results for the other analytes.

The GFAA protocol is specified in Attachment III. The frequency and limits of certain
audits are changed from that g:ven in SOW /85 for all analyses as per Attachment [I1.

9. Analytical results required (1f known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentatfon, etc.). If not completed, format of results will be

left to program discretion. e
ot cpnlanftsoﬁ7

All of the deliverables included in SOH785 are required. Also, provide current guarterly
Al, X111, XIIl for each case. Submit P rm VIT1 separate for each separate parameter

. analyzed by MSA. Form VIII must be mod1f1ed to include the slope of each addition as well
a8s the correlation coefficient. Use footnotes on Form I for reporting results, except

se IDL of Attachment I for detection limit. MALkE SCtrmnN onN FoRwy , v
!' bet SAS CorvTRacy &MmTS AnD TDL A Applo G:Ei 2% 4o

10. Other (use additfona? sheets or attach supplementary 1nformatfon, as needed):

11. Name of samp11ng/sh1pp1ng contact: ___[]54;3;;15___!§g4§ﬂq l

prone:__ 4 14—~4S8- ¥7)1  X2253

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance please call the Sample Management Office.

Do AN SN



5/0305-4-5/87 | ] 3. Drinking Water (Inorganics)

I. DATA REQUIREMENTS -

Parameter: . Detection Limit - Precision Desired
—_— , {(#% or Conc.]

ICP Metals See- Attachment 11 102 RPD or Duplicate
. Differences < S%S IoL

Furnace Metals » . of - Attachment 11

Mercury, Cyanide . See Attachment Il as per SOwW 785

I1. QC REQUIREMENTS

Audits Required Frequency of Audits Limits* (% or Conc.)
For ICP -AES, Hg, and CN See 9.A of Attachment III
GFAA (und1?ested) As,Cd, ' _See 9.B of Attachment III
b,3b,3e,
GFAA (digested) As,Cd,Pb, See 9.C of Attachment II1
§b,Se,T1 )

111, ACTION REQUIRED IF LIMITS ARE EXCEEDED

Rl el b-. S ATV
'.."/ T .

Take corrective act'!on and repeat ana'lysis C,m"‘ad’ -SmO
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5/030A~4-5/87

ATTACHMENT. 11
Instrument Detection Limit and Spiking Level for Drﬁkfng Water

' Required Instrument ‘ Required Matrix Spike
Compound Detectfon Limitl ug/L Concentrations ug/L
. GFAA 1P Other GFAA  ICP  Other
Metal: .
1. Aluminum 100 2000
2. Antimony 2 5 20 500
3. Arsenic 5 . 20
4, Barium 80 2000
5. Beryllium 5 50
6. Cadmium 2 0.5 2 50
g. Ca'lc*!;xm 3 1o<1)o 5o,goo
« Chromium 0 00
9. Cobalt 10 500
10. Copper , _ 10 250
1. Eron 2 100 ) 1230
e Lead 2 20 - 0
13. Magnesium 3 1000 25,000
14. Manganese 10 200 :
15. "ercuw 0.2 * 1-0
16. Nickel - 20 400
g. Po%ass‘.um 3 2000 20,000
. Selenium 2 10 i
19. Silver : 5 ’ © 80
20. Sod{ium 3 1000 50,000
21. Thallium 2 20
22. VYanadium 10 800
23. Zinc : 20 ' 200

24. Cyanide . 10 .. . 100

1 Instrument Detection Limits (IDL) must be met before any samples are analyzed. The Lad may
submit their quarterly Form XI with each case 1f all IDLs neet the detection Huﬁts. I'F Deteatn
LirmiTy Cor 210t b Mot by USiMi~ T, USE OF ¢FrA owle@

2 1cp analysis results may only be reported for Sb, Cd and Pb, 1f the concentration is
2 10 times the IDL of {nstrument uysed, If ICP resu\ts are repor'ted all ICP audits are
requ1red 1nc‘l’ud1ng matrix sp‘lke. . -

- ‘e* - . . . . . .
- T e o e e . .o - . .o . . ot . . ~.-_.. IE TR S

? Qeport Ca, Mg, Na and X on separate Form V for Matrix Spike if a separate quuot is
ased for this spike.

- e -t L - -t

aeQ.-he- S0
5/87 "’/“



5/030A-8-5/87 , (Page 1 of 3)
ATTACHMENT II1 )
Special instructions for GFAA and QC requirements for all analyses.

1. Sample aliquots are preserved in the field as follows:

a) One liter preserved with 5m1/1 of 50% HNO3 to pH<2 for all metals
(excluding Hg).

b) One 1iter sample preserved with 0.5% HNO3 V/V and 0.052 K2Cr07 W/V
for Mercury.

*  ¢) One 1iter of sample preserved with Srﬂ/‘l of 6N NaOH to pH > 12 for
tyanide determination.

2. Analysis of the six metals (specified {n Attachment II) by graphite
furnace atomic absorption (GFAA) must use the method of standard additions for

quantitation.

3. A1l of the samples for GFAA metals can be analyzed without digestion if the
samples are clean and without any particulates. In this case, a calibration
bhnk duplicate, ICVS, and CCVS shall be analyzed without digestion. i~ ccy P
Ot ' Retimn Puvivis 10 Sor—ie ltd @Ml CV
4. If any of the samples contain particulate or significant suspended so11ds,
sample aliquots, preparation blank, duplicate, matrix spikes and lab
control samples are to be digested per page D=2 of SOW785. The samples
digested for ICP analysis are to be used for antimony determination.

5. No identified field blank may be used as 2 laboratory duplicate or matrix
spike sample
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6.1
6.2
6.3

6.4

6.5

6.6

6.7

6.9

ATTACHMENT 111

Zeeman, Smith/Hieftje background correction or equivalent (not D2) is required
for Arseni ¢, Selenium and Antimony or any element with structured background
interferences.

The matrix modifiers of SOW785 are mandatory for As & Se.

L'vov platform is allowed.

Any matrix modifers for Sb, Cd, Pb and T1 must be approved by the Region V
Central Regional Laboratory s Contract Project Management Section prior to
use and documented with the raw data.

Each sample or QC audit is to be determined by the MSA using the sample or QC
audit and then three consecutive spikes.,

Each calibration blank and QC audit solution must contain the same nitric
acid concentration as the sample (or diluted samples). A1l solutions analyzed
must have their matrix concentrations fully documented {n the raw data.

Each analytical determination must have the resulting absorbance clearly
recorded and documented in the order of determined.

The data for each MSA determination must show; slope (signal/conc.),
intercept and correlation coefficent (r). The results must be reported
on Form VIII for all samples and QC audits in order of analysis. Form
VIII must be modified to include the above mentioned slope.

Samples and QC audits will be tested in the following order for the nethod of
standard addition quantitation.

a) calibration blank and + 3 spikes

b) ICVS (provided by EMSL-LV) +3 spikes

¢) 5 samples, each with 3 spikes :

d; calibration blank + 3 sp1kes i
CCVS + 3 spikes .

f) succeeding sets of 5 samples, cal. blank, and CCVS. T

LE -

Report the correlation coefficient for all HSA analyses. r> 0,995 is required

for all sample and audit analyses. A correlation coefficent (r) 2 0.998 1s

recommended for the calibration blank or problems will occur with the sample

analysis. If r<0.995 or the slope {s <35% of the initial calibration blank,

reamﬂyze the s ample once. 1f the standard addition again fails these criteria, DA

Sesple /1] wtaing R "7 A0d reanalyze. 1If the standard addition again fails, flag _.

1

lo

the data with a”™+", ‘ .

Care must be taken to avold exceeding the linear range for _'a'l‘l’ GFAA analyses.
This prodblem {s especially severe with Cd and Pb. Dilution of the samples may

be necessary to avoid this problem. s/
1B Somip b Concandttiom Higlon Fhmm oo Wigiat .s;,;u. “Adled

DItk Semple 1] amed Riamelys.) Rev. 4.3-5}5,

FoR MS A, ki )0, 20, oms] 30 s/l celi'btion shqm ord RA2
ed , “'K-l 2 el 3 Rl colibrfrom St ot 33kixs Adl o
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3 03m4-5187" ......
/ Q.C. REQUIREMENTS .

9. A ICP MettlnsL Mercury and Cyanide T ’ :
Audits Required - ‘ Frequency of Audits Limits

ICVS, TCVS, TCP serdal ~ s per SONT8S TT T " T is Pér SOW 785 "=
dilution, ICP ICS, Distilled )

N A——.

CN standard _ . .
calibration Blank Beginning of Run and < I0L
' ~ - 1 1n 10 thereafter
Preparation Blank 1 1n 10 samples < SAS 1DL of
- Attachment 11 -
Duplicate 1 1n 10 samples 10% RPD or
: ' : Difference is
X SAS IDL, 152 For
Hg & CN .
Matrix Spike (ICP) 1 in 10 samples 85 - 115% Recovery
~’ :atr‘h): Spike(1CP-Ca, Mg, 1 4n 10 samples 85 « 115% Recovery -
a, K)* .
Matrix spike (Hg & CN) 1 in 10 samples 80 - 1202
igested Lab Control Sample 1 per sample set " 85 - 115¢%
"Hay be combined with other spike (cf 1tem 8 of SAS) -
"B 6.F.A.A. Undigested Samples -
Audits Required . F:ie_guenc! of Aud1ts - LUimits . -
1] Duplicate n samples - Difference of
< SAS IDL of
Ketachment 11
or £ 102 RPD
2) Calibration Blank Initially and after .oSLImL - A . ","-.-.:f'-_?v;.-,.
' every § samples - S 4T
- .- 3) xcvs and CCYS —..... . .. _Initfally ICVS,and CCVS . 90% = moz . i
T — _'_T‘— T o T "after eveq 5 samp1es "‘—"-' R S
.-. -, _..“.'.__,?:::__'E

"L‘

9.C GFAA DI ested Samples o . T T el B
ee. ———Audits Required i e :’e_guenc! of Audits B Uuits I S
U t Hsration Blank nitially and after L R

CVQI’ 5 ’np es el ‘-"'.*3-@-5}. -"‘"i % ".;;;J?;é‘iﬁgf-. "

e e i e £ i A i e A AN o

iy 2) Preparation B‘lank - 1 1n 10 smp1es ; 2k SAS IDL of :L‘:A Firilt

o i eazz(Digested) v AT SRS L 0w L UTITE I Actachment 1 “’T TR
.--—-o—g---".""-’w L S B i B i,
3) Dupﬂcates (Digested) ""'*1 1., 10 nmples A T e L ence 0 AN

S SmIE TS ST s St s s IoL or =7 r s

“-—u.-.u..—--' - -' e s @,
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P TG

R 4) Hatrix Spﬂ:e (Digested) 1 in 10 samp‘les -_':'.—:35 1152 Recovery RIS

5) Lab Contro'l Samp'le o ) 1 per set of snp'les i 85 - 115: Recovery
-t -_n~xn-~(01925ted) - '-'r- Remiie U \ NP : | e - .

einsTTT i . i ShE
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S T e o “after every ¢ § samples . . T
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U.S. ENVIRONMENTAL PROTECTION AGENCY T i
CLP Sample Management Office mber
P.O. Box 818 - Alexandria, Virginia 22313

Phone: 703/557-2490 - FTS/557-2490

A.
B.
C.
D.
E.

SPECIAL ANALYTICAL SERVICES
Client Request

X | Regional Transmittal Telephone Request

EPA Region/Client: v

RSCC Representative: Jan Pels

Telephone Number: _ (312) 353-2720

Date of Request:

Site Name: Himco Dump, Elkhart, Indiana

Please provide below description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory
capability for your request, please address the following considerations, if applicable.
Incomplete or erroneous information may result in a delay in the processing of your
request. Please continue response on additional sheets, or attach supplementary
information as needed.

1.

2.

3‘

General description of analytical service requested: Analysis of 19 pairs of

Tenax & Tenax/charcoal sorbent tubes for the volatile orgapic compounds

listed in Table 1 and up to 10TICs. Each pair is to be analyzed in

series. Two pairs are to be analyzed within 24 hours of receipt.

Definition and number of work units involved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous or soil and sediments;

and whether Jow, medium or high concentration):
19 low level landfill gas samples collected on Tenax & Tenax/charcoal

sorbent tube pairs. Two pairs are to be analyzed within 24 hours of

receipt.

Purpose of analysis (specify whether Superfund (enforcement or remedial action),
RCRA, NPDES, etc.): Superfund Remedial Investigation.




LB

5.

‘.

7.

10.

11.

Estimated date(s) of collection:

Estimated date(s) and method of shipment: _ Daily by overnight carrier.

?

r§umber of days sis and data required after laboratory receipt of samples:
17 samples: “Analyze within 7 days of receipt, report results within 30 day:
of receipt of samples. 2 samples: Analyze and report verbal results w}thir

24 hours of receipt, hard copy data package due 30 days after receipt.
Analytical protocol required (attach copy if other than a protocol currently used in
this program): _ Protocol for Analysis of Sorbent Cartridges from

Volatile Organic Sampling Train EPA SW-846 Method 5040 Third Edition
(attached) and see also Attachment II and I1l.

Special technical instructions (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.): See attached (Attachments I,

1I, and I1I).

Analytical results required (if known, specify format for data sheets, QA/QC
reports, Chain-of-Custody documentation, etc.) If not completed, format of results
will be left to program discretion. See Attachment IV. See Attachment III

for units to be used.

Other (use additional sheets or attach supplementary information, as needed):

Name of sampling/shipping contact: _Marcia Kuehl
Phone:  (14) 458-8711




8. ec echnical Instyructions
Laboratory will supply:
27 pairs of Tenax and Tenax/charcoal tubes:

19 for field samples

for field duplicates

for tube "bottle" blanks

for upwind sample locations

for matrix spike

for matrix spike duplicate

extra for pump calibration and breakage

W NN

Tubes will comply with the I/I type listed in Attachment I. The laboratory
shall specify the inner diameter of the cartridge. The cost of the Tenax,
charcoal, glass tubes, and cleaning/conditioning and certifying the cartridges
are the responsibility of the CLP SAS lab. The tubes will be prepared and
shipped to the site no more than 2 weeks prior to sampling. In addition to
cartridge preparation, the SAS lab shall provide all necessary fittings and
adapters to allow field sampling using an air sampling pump with & 1/4-inch
sampling port. All pre-cleaned and exposed cartridges will be stored at -20°C
intact with end caps and placed in culture tubes with cleaned charcoal. Blank
concentrations should not be subtracted from sample results. Each cartridge
pair should be analyzed in series. Verify the detection limits through a
cartridge spiked with all target compounds at the concentration of the
detection limit as indicated in Attachment II.

Laboratory must uniquely label each tube and send a completed chain-of-custody
form with the cartridges to the field, and use custody seals on all shipping
containers.



12. Data Requirements

Precision Desired

Parameter _Detection Limit (2% or Concentration)
CLP TCL VOAs 5 ng/tube - +252

(Table 1 Attachment I)

13. QC Requirements

Limits
Audits Required Frequency of Audits (Percent or Concentration)
Method Blank* daily, at start and 5 ng each TCL
.very 12 hour shift
Continuing Calibration daily, at start and +25%
Check every 12 hour shift
MS, MSD 1 per group of 10 50-150% recovery
25% rpd
Surrogate Spike all samples, STDS blanks 50-150% recovery
' ) - o document with data package
Detectio t dajly - +25%
16, Actlon e&IYree%{iffifjmjigf a.reféx&'eeded , -

Contact SMO.

*Method Blank consists of an unexposed Tenax cartridge and an unexposed
Tenax/charcoal cartridge.

Please return this request to the Sample Management Office as soon as possible to
expedite processing of your request for special analytical services. Should you have any
questions or need any assistance, please contact your Regional representative at the
Sample Management Office.

Cc-7
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- Soutes Methed 0030, Sw-pYe Thud Edition

2.1.4 Sorbent cartridges:

2.1.4.1 The sorbent cartridges used for the VOST may be used
in either of two configurations: the {nside-outside (1/0)
configuration 1n which the cartridge s held within an outer glass
tube and 1n a metal carrfer, and the {nside-inside (1/1)
configuration in which only a single glass tube 1s used, with or
g:tzgut a metal carrier. In either case, the sorbent packing will
e same.

2.1.4.1.1 The first of a pair of sorbent cartridges shall
be packed with approximately 1.6 g Tenax GC resin and the
second cartridge of a pair shall be packed with Tenax 6C and
pet;g]eum-based charcoal (3:1 by volume; approximately 1 g of
each). .

2.1.4.1.2 The second sorbent cartridge shall be packed so
that the sample gas stream passes through the Tenax layer first
and then through the charcoal layer.

2.1.4.2 The sorbent cartridges shall be glass tubes with
approximate dimensions of 10 em by 1.6 cm I.D. The two acceptable

designs (1/0, 1/1) for the sorbent cartridge are described in

further detail below.

2.1.4.2.1 Inside/Inside sorbent cartridge: A diagram of
an 1/1 sorbent cartridge is shown 1{n Figure 3. This cartridge

is a single glass tube (10 cm by 1.6 cm I.D.) which has the !
ends reduced in size to accommodate a 1/4- or 3/8-in. Swagelok

or Cajon gas fitting. The resin is held in place by glass wool
at each end of the resin layer, The amounts of each type of
sorbent material used in the 1/1 design are the same as for the
1/0 design. Threaded end caps are placed on the sorbent
cartridge after packing with sorbent to protect the sorbent
from contamination during storage and transport.

2.1.4.2.2 Inside/Outside type sorbent cartridge: A
diagram of an I/0 sorbent cartridge {s shown in Figure 4. In
this design the sorbent materials are held in the glass tube
with a fine mesh stainless steel screen and a C-clip. The
glass tube {s then placed within a larger diameter glass tube
and held in place using Viton O-rings. The purpose of the
outer glass tube 1s to protect the exterior of the resin-
containing tube from contamination. The two glass tubes are
held 1n a stainless steel cartridge holder, where the ends of
the glass tubes are held in place by Viton O-rings placed in
machine grooves in each metal end piece. The three cylindrical
rods are secured in one of the metal end pieces and fastened to
the other end piece using knurled nuts, thus sealing the glass
tubes into the cartridge holder. The end pieces are fitted
with a threaded nut onto which a threaded end cap is fitted
with a Viton O-ring seal, to protect the resin from
contamination during transport and storage, o
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A1l other sample transfer l1ines used with the VOST shall be Teflon with
connecting fittings that are capable of forming leak-free, vacuum-tight
connections without the use of sealing grease.

3.0 REAGENTS AND MATERIALS

3.1 2,6-Diphenylene oxide polymer (Tenax, 35/60 mesh):

3.1.1 The new Tenax 1s Soxhlet extracted for 24 hr with methanol
(Burdick & Jackson, pesticide grade or equivalent). The Tenax is dried
for 6 hr in a vacuum oven at 50°C before use. Users of 1/0 and I/1
sorbent cartridges have used slightly different thermal conditioning
procedures. 1/0 sorbent cartridges packed with Tenax are thermally .
conditioned by flowing organic-free nitrogen (30 mlL/min) through the
resin while heating to 190°C. Some users have extracted new Tenax and
charcoal with pentane to remove nonpolar i{mpurities. However, these
users.have experienced problems with residual pentane in the sorbents
during analysis.

3.1.2 If very high concentrations of volatile POHCs have been
collected on the resin (e.g., micrograms of analytes), the sorbent may
require Soxhlet extraction as described above. Previously used Tenax
cartridges are thermally reconditioned by the method described above.

3.2 Charcoal (SKC petroleum-base or equivalent): New charcoal is
prepared and charcoal is reconditioned as described {n Paragraph 4.4. New
charcoal does not require treatment prior to assembly into sorbent cartridges.
Users of VOST have restricted the types of charcoal used in sorbent cartridges
to only petroleum-based types. Criteria for other types of charcoal are
acceptagle if recovery of POHC in laboratory evaluations meet the criteria of
50 to 150%.

3.3 Viton-0-Ring: All O-rings used 1in VOST shall be Viton. Prior to
use, these O-rings should be thermally conditioned at 200°C for 48 hr.
0-rings should be stored in clean, screw-capped glass containers prior to use.

3.4 Glass tubes/Condensers: The glass resin tubes and condensers should
be cleaned with a nonionic detergent {in an ultrasonic bath, rinsed well with
organic-free water, and dried at 110°C. Resin tubes of the I/0 design should
be assembled prior to storage as described 1n Paragraph 4.1. Resin tubes of
the I/I design can be stored in glass culture tube containers with cotton
cushioning and Teflon-lined screw caps. Condensers can be capped with
appropriate end caps prior to use.

3.5 Metal parts: The stainless steel carriers, C-clips, end plugs, and
screens used in the I/0 VOST design are cleaned by ultrasonication in a warm
nonfonic detergent solution, rinsed with distilled water, air-dried, and
heated 1n a muffle furnace for 2 hr at 400°C. Resin tubes of the I/I design
require Swagelok or equivalent end caps with Supelco M-1 ferrules. These
should be heated at 190°C along with the assembled cartridges.

0030 - 9
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3.6 Silica gel (Indicating type, 6-16 mesh): New silica gel may be used
as received, Silica gel which has been previously used should be dried for 2
hr at 175°C (350°F).

3.7 Cold packs: Any commercially available reusable liquids or gels
that can be repeatedly frozen are acceptable. They are typically sold in
plastic containers as "Blue lce* or “JIce-Packs.® Enough should be used to
keep cartridges at or near 4°C.

3.8 Water: Water used for coolin? train components in the field may be
tap water; and water used for rinsing glassware should be organic-free.

3.9 Glass wool: Glass wool should be Soxhlet extracted for 8 to 16 hr,
using methanol, and oven dried at 110°C before use. : .

4.0 SAMPLE HANDLING AND PROCEDURE

4.1 Assembly:

4.1.1 The assembly and packing of the sorbent cartridges should be
carried out in an area free of volatile organic material, preferably a
laboratory in which no organic solvents are handled or stored and in
which the laboratory air 1s charcoal filtered. Alternatively, the
assembly procedures can be conducted in a glove box which can be purged
with organic-free nitrogen,

4,2 Tenax cartridges:

4.2.1 The Tenax, glass tubes, and metal cartridge parts are cleaned
and stored (see Section 3.0). Approximately 1.6 g of Tenax is weighed
and packed into the sorbent tube which has a stainless steel screen and
C-clip (1/0 design) or glass wool (I/I1 design) in the downstream end.
The Tenax 1s held in place by inserting a stainless steel screen and
C-clips in the upstream end (I/0 design) or glass wool (I/I design).
Each cartridge should be marked, using an engraving tool, with an arrow
to indicate the direction of sample flow, and a serial number.

4,2.2 Conditioned resin tubes of the 1/0 design are then assembled
into the metal carriers according to the previously described

inside/inside or inside/outside procedures (with end caps) and are placed
on cold packs for storage and transport. Conditioned resin tubes of the
I/1 design are capped and placed on cold packs for storage and transport.

4.3 Tenax/Charcoal tubes

4.3.1 The Tenax, charcoal, and metal cartridge parts are cleaned

and stored as previously described (see Section 3.0). The tubes are

' packed with approximately a 3:1 volume ratio of Tenax and charcoal
(approximately 1 g each). The Tenax and charcoal are held in place by
the stainless steel screens and C-clips (I1/0 design) or by glass wool
(I1/1 design). The glass tubes containing the Tenax and charcoal are then
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conditioned as described below (see Paragraph 4.4). Place the I/0 glass
tubes in the metal carriers (see Paragraph 2.1.4.2.2), put end caps on
the assembled cartridges, mark direction of sample flow and serial
number, and place the assembled cartridges on cold packs for storage and
transport.

4,3.2 Glass tubes of the I/I design are conditioned, and stored in
the same manner as the I/0 tubes.

4.4 Trap Conditioning - QC

4.4.1 Following assembly and leak-checking, the traps are connected
in reverse direction to sampling to a source of organic-free nitrogen,
and nitrogen 1{s passed through each trap at a flow rate of 40 mlL/min,
while the traps are heated to 190°C for 12-28 hr. The actual
g?ndltignizg period may be determined based on adequacy of the resulting

ank checks.

4.4.2 The following procedure s used to blank check each set of
sampling cartridges prior to sampling to ensure cleanliness. The
procedure provides semi-quantitative data for organic compounds with
boiling points below 110°C on Tenax and Tenax/Charcoal cartridges. It is
not intended as a substitute for Method 5040.

4.4.2,1 The procedure is based on thermal desorption of each
set of two cartridges, cryofocusing with 1iquid nitrogen onto a trap
packed with glass beads, followed by thermal desorption from the
trap and analysis by GC/FID.

4.4,2,2 The detection 1imit is based on the analysis of Tenax
cartridges spiked with benzene and toluene and {s around 2 ng for
each compound.

4.4.2.3 The results of analyzing spiked cartridges on a daily
basis should not vary by more than 20 percent. If the results are
outside this range, the analytical system must .be evaluated for the
probable cause and a second spiked cartridge analyzed.

4.4.2.4 The GC operating conditions are as follows:

GC Operating Conditions

Column:  Packed column 6 ft x 1/8° stainless steel 1.0 percent
SP-1000 on Carbopack B 60/80, or equivalent.

Temperature program: 50°C for 5 min, 20°C/min increase to
180°C, hold 13 min.

Injector: 200°C.

Detector: F.1.D. 250°C.

Carrier Gas: Helium at 25 mL/min.

Sample valve: Valco 6-port with 40" x 1/16" stainless steel
trap packed with 60/80 mesh glass beads.

Cryogen: Liquid nitrogen.

Trap heater: Boiling water, hot oil, or electrically heated.
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Desorption heater: Supelco "clam shell® (high capacity carrier
gas purifier) heater and Variac, adjusted to 180°C to

_ 200°C.
4.4.2.5 Calibah 7 -
AccoryliSh ‘ 1f-ard operating procedure. . A Standard.of beﬁ ',-
Calibatiin b BQGAluorobenzene (BFB) {1s prepared by {njecady
qrulyy a blank |} - .
dee ind toluene
So/bent e:;&:n; - andard is inject
Spiked w . . through a heated 1g On port set at 150°
TeL Volahl 0Asniy, 1 1 N or this with \
: um carrier gas {s q
surn%yttl 5P 1d be used. After ¢ - he Tenax cartridge and pla
urds and the cliesorption heater Ry 1s.] 1BFB h}sh alsoigsed as
N/ rdS. ernal standard spike for & analysis which provides a ggn
! ral siandards ¥y ¢ . The results of this sp

ercent day to day. Inftia¥
should be reanalyze-“

< eptable blank level 1s 1left to the discréNgang
o An acceptable 1level 1{s one that allows @

4.4.3 After conditioning, traps are sealed and placed on cold packs
until sampling s accomplished. Conditioned traps should be held for a
minimum amount of time to prevent the possibility of contamination.

4.4.4 It may be useful to spike the Tenax and Tenax/charcoal traps
with the compounds of 1{nterest to ensure that they can be thermally
desorbed under laboratory conditions. After spiked traps are analyzed
they may be reconditioned and packed for sampling.
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2.1.4 Sorbent cartridges:

2.1.4.1 The sorbent cartridges used for the VOST may be used

in either of two configurations: the 1{nside-outside (1/0)

configuration in which the cartridge {s held within an outer glass

tube and 1n a metal carrier, and the {inside-fnside (I/I)

configuration in which only a single glass tube is used, with or

zltzg:ts:mmetal carrier. In efther case, the sorbent packing will
€.

R
.4‘ dpe

'

!

: 2.1.4.1,1 The first of a pair of sorbent cartridges shall

— : be packed with approximately 1.6 g Tenax 6C resin and the
second cartridge of a pair shall be packed with Tenax 6C and

- pet;gleum-based charcoal (3:1 by volume; approximately 1 g of
each).

. 2.1.4.1.2 The second sorbent cartridge shall be packed so
: that the sample gas stream passes through the Tenax layer first
and then through the charcoal layer.

—_ " 2.1.4.2 The sorbent cartridges shall be glass tubes with

approximate dimensions of 10 cm by 1.6 cm I.D. The two acceptable

—_— . - designs (1/0, 1/1) for the sorbent cartridge are described in

further detail below.

2.1.4.2.1 Inside/Inside sorbent cartridge: A diagram of
— . an I/1 sorbent cartridge 1s shown 1in Figure 3. This cartridge

is a single glass tube (10 em by 1.6 cm I.D.) which has the |

ends reduced in size to accommodate a 1/4- or 3/8-in. Swagelok
or Cajon gas fitting. The resin is held in place by glass wool

- at each end of the resin layer. The amounts of each type of
sorbent material used in the 1/1 design are the same as for the
1/0 design. Threaded end caps are placed on the sorbent
cartridge after packing with sorbent to protect the sorbent
from contamination during storage and transport.

2.1.4.2.2 Inside/Outside type sorbent cartridge: A
diagram of an I/0 sorbent cartridge {s shown {n Figure 4. In
this design the sorbent materials are held in the glass tube
with a fine mesh stainless steel screen and a C-clip. The
glass tube is then placed within a larger diameter glass tube
and held in place using Viton O-rings. The purpose of the
outer glass tube 1s to protect the exterior of the resin-
containing tube from contamination. The two glass tubes are
held i{n a stainless steel cartridge holder, where the ends of
the glass tubes are held in place by Viton O-rings placed in
machine grooves in each metal end piece. The three cylindrical
‘rods are secured in one of the metal end pfeces and fastened to
the other end piece using knurled nuts, thus sealing the glass
tubes into the cartridge holder, The end pieces are fitted
with a threaded nut onto which a threaded end cap is fitted
with a Viton O-ring seal, to protect the resin from

rantaminatinn Aurina tranenart and etarane
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A1l other sample transfer 1ines used with the VOST shall be Teflon with
connecting fittings that are capable of forming leak-free, vacuum-tight
connections without the use of sealing grease.

3.0 REAGENTS AND MATERIALS

3.1 2,6-Diphenylene oxide polymer (Tenax, 35/60 mesh):

3.1.1 The new Tenax is Soxhlet extracted for 24 hr with methanol
(Burdick & Jackson, pesticide grade or equivalent). The Tenax is dried
for 6 hr in a vacuum oven at 50°C before use. Users of I/0 and I/I
sorbent cartridges have used slightly different thermal conditioning
procedures. I/0 sorbent cartridges packed with Tenax are thermally .
conditioned by flowing organic-free nitrogen (30 mL/min) through the
resin while heating to 190°C. Some users have extracted new Tenax and
charcoal with pentane to remove nonpolar I{mpurities. However, these
users.have experienced problems with resfdual pentane in the sorbents

" during analysis.

3.1.2 If very high concentrations of volatile POHCs have been
collected on the resin (e.g., micrograms of analytes), the sorbent may
require Soxhlet extraction as described above. Previously used Tenax
cartridges are thermally reconditioned by the method described above.

3.2 Charcoal (SKC petroleum-base or equivalent): New charcoal 1s
prepared and charcoal is reconditioned as described {n Paragraph 4.4. New
charcoal does not require treatment prior to assembly into sorbent cartridges.
Users of VOST have restricted the types of charcoal used in sorbent cartridges
to only petroleum-based types. Criterfa for other types of charcoal are
ggcept:gle if recovery of POHC in laboratory evaluations meet the criteria of

to 150%.

3.3 Viton-O-Ring: A1l O-rings used in VOST shall be Viton. Prior to
use, these O-rings should be thermally conditioned at 200°C for 48 hr.
0-rings should be stored 1n clean, screw-capped glass containers prior to use.

3.4 Glass tubes/Condensers: The glass resin tubes and condensers should
be cleaned with a nonionic detergent 1in an ultrasonic bath, rinsed well with
organic-free water, and dried at 110°C. Resin tubes of the I/0 design should
be assembled prior to storage as described 1n Paragraph 4.1. Resin tubes of
the I/1 design can be stored 1n glass culture tube containers with cotton
cushioning and Teflon-l11ned screw caps. Condensers can be capped with
appropriate end caps prior to use.

3.5 Metal parts: The stainless steel carriers, C-clips, end plugs, and
screens used in the I/0 VOST design are cleaned by ultrasonication in a warm
nonionic detergent solution, rinsed with distilled water, air-dried, and
heated in a muffle furnace for 2 hr at 400°C. Resin tubes of the I/I design
require Swagelok or equivalent end caps with Supelco M-1 ferrules. These
should be heated at 190°C along with the assembled cartridges.
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3.6 Silica gel (Indicating type, 6-16 mesh): New silica gel may be used
as received. Silica gel which has b;en previously used should be dried for 2

hr at 175°C (350°F).

3.7 Cold packs: Any commercially avaflable reusable 1iquids or gels
that can be repeatedly frozen are acceptable. They are typically sold in
plastic containers as “Blue Ice® or “Ice-Packs.” Enough should be used to
keep cartridges at or near 4°C.

3.8 Water: Water used for coolin? train components in the field may be
tap water; and water used for rinsing glassware should be organic-free.

3.9 Glass wool: Glass wool should be Soxhlet extracted for 8 to 16 hr,
using methanol, and oven dried at 110°C before use. : )

4.0 SAMPLE HANDLING AND PROCEDURE

4.1 Assembly:

4.1.1 The assembly and packing of the sorbent cartridges should be
carried out in an area free of volatile organic material, preferably a
Taboratory in which no organic solvents are handled or stored and in
which the laboratory air {s charcoal filtered. Alternatively, the
assembly procedures can be conducted in a glove box which can be purged
with organic-free nitrogen.

4,2 Tenax cartridges:

4.2.1 The Tenax, glass tubes, and metal cartridge parts are cleaned
and stored (see Sectfon 3.0). Approximately 1.6 g of Tenax is weighed
and packed into the sorbent tube which has a stainless steel screen and
C-clip (1/0 design) or glass wool (I/I design) in the downstream end.
The Tenax is held in place by inserting a stainless steel screen and
C-clips in the upstream end (I/0 design) or glass wool (I/I design).
Each cartridge should be marked, using an engraving tool, with an arrow
to indicate the direction of sample flow, and a serial number.

4,2.2 Conditioned resin tubes of the I/0 design are then assembled
into the metal carriers according to the previously described
inside/inside or inside/outside procedures (with end caps) and are placed
on cold packs for storage and transport. Conditioned resin tubes of the
1/1 design are capped and placed on cold packs for storage and transport.

4.3 Tenax/Charcoal tubes

4.3.1 The Tenax, charcoal, and metal cartridge parts are cleaned

and stored as previously described (see Section 3.0). The tubes are

' packed with approximately a 3:1 volume ratio of Tenax and charcoal
(approximately 1 g each). The Tenax and charcoal are held in place by
the stainless steel screens and C-clips (1/0 design) or by glass wool
(1/1 design). The glass tubes containing the Tenax and charcoal are then
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conditioned as described below (see Paragraph 4.4). Place the I/0 glass
tubes in the metal carrfers (see Paragraph 2.1.4.2.2), put end caps on
the assembled cartridges, mark direction of sample flow and serial
number, and place the assembled cartridges on cold packs for storage and

transport.

4,3.2 Glass tubes of the I/I design are conditioned, and stored in
the same manner as the I/0 tubes.

4.4 Trap Conditioning - QC

4.4.1 Following assembly and leak-checking, the traps are connected
in reverse directfon to sampling to a source of organic-free nitrogen,
and nitrogen {s passed through each trap at a flow rate of 40 al/min,
while the traps are heated to 190°C for 12-28 hr. The actual
g?nd;t1:n1zg period may be determined based on adequacy of the resulting

ank checks.

4.4.2 The following procedure fs used to blank check each set of
sampling cartridges prior to sampling to ensure cleanliness. The
procedure provides semi-quantitative data for organic compounds with
boiling points below 110°C on Tenax and Tenax/Charcoal cartridges. It is
not intended as a substitute for Method 5040.

4.4.2.1 The procedure is based on thermal desorption of each
set of two cartridges, cryofocusing with 11quid nitrogen onto a trap
packed with glass beads, followed by thermal desorption from the
trap and analysis by GC/FID.

4.4,2.2 The detection 1imit is based on the analysis of Tenax
cartridges spiked with benzene and toluene and 1s around 2 ng for
each compound.

4.4.2.3 The results of analyzing spiked cartridges on a daily
basis should not vary by more than 20 percent. If the results are
outside this range, the analytical system must be evaluated for the
probable cause and a second spiked cartridge analyzed.

4,4.2.4 The GC operating conditions are as follows:

GC Operating Conditions

Column: Packed column 6 ft x 1/8" stainless steel 1.0 percent
SP-1000 on Carbopack B 60/80, or equivalent.

Temperature program: 50°C for 5 min, 20°C/min increase to
190°C, hold 13 min.

Injector: 200°C.

Detector: F.I.D. 250°C.

Carrier Gas: Helfum at 25 mL/min.

Sample valve: Valco 6-port with 40" x 1/16" stainless steel
trap packed with 60/80 mesh glass beads.

Cryogen: Liquid nitrogen.

Trap heater: Boiling water, hot oil, or electrically heated.
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ATTACHMENT II1

SORBENT TUBE SAS

I. PERFORM THE FOLLOWING PER CLP STATEMENT OF WORK, CURRENT SOW

II.

III.

6.

GC/MS Tuning

Qualitative Compound Identification

Surrogate Spike (compounds to be used and their concentrations as
they are specified in the SOW) to each standards, blanks, and
samples. The concentration of each surrogate spike compound shall be
200 total ng.

Internal Standard Compounds to be added at 200 total ng each.

For matrix spike/matrix spike duplicate analysis, matrix spike
compounds specified in the CLP Statement of Work shall be used. The

total concentration of each compound shall be 200 ng.

Tentatively identified of non-target compound (TICs).

CALIBRATION REQUIREMENTS

1.

Initial Calibration

Initial calibration curve shall consist of 5 points at 20, 200, 500,
750, and 1,000 total ng of each compound.

Continuing Calibration Check
a. Perform daily continuing calibration check at the beginning
before sample analysis, and every l2-hour shift using standardés

at a concentration of 20 ng.

b. Perform weekly using standard at concentration of 20 ng.

PREPARATION AND ANALYSIS OF STANDARDS

Calibration standards shall be prepared by spiking pre-cleaned blank
cartridges with appropriate amount of standards, and analyzed the same
way as the samples.

Extra tubes must be prepared by the laboratory and sent to the field
for the MS/MSD analyses. Tubes will be labeled for the MS/MSD
analyses; these will be blank tubes resubmitted from the field. If
no field samples are designated for MS/MSD by field staff, laboratory
shall prepare control spikes consisting of duplicate spike blank
cartridges.

I1-1



Iv.

DETECTION LIMIT VERIFICATION

Spike a blank Tenax-Tenax/charcoal cartridge pair with all target
compounds at the required quantitation limits as listed in Table 1. All
gualitative identification criteria as per the CLP Statement of Work
(SOW) for organics shall be met. Provide all documentation requirements
of the CLP organic SOW.

ANALYSIS

Analyze and report results of each cartridge pair in the unit of ng/tube,
and convert to ug/m3 (Attachment III, page III-l).
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TABLE 1

TARGET COMPOUND LIST (TCL) AND QUANTITATION LIMITS (QLs)

Volatile Organics

Benzene
Bromodichloromethane
Bromoform

Bromomethane

Carbon Tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
Dibromochloromethane
1,1-Dichloroethane
1,2-Dichloroethane
l,1-Dichloroethene
1,2-Dichloroethene (Total)
1,2-Dichloropropene
Cis-1,3-Dichloropropene
Trans-1,3-Dichloropropene
Ethyl Benzene

Methylene Chloride
1,1,2,2-Tetrachlorcethane
Tetrachloroethene
Toluene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene

Vinyl Chloride

Acetone

Carbon Disulfide
2-Butanone

Vinyl Acetate
4-Methyl-2-Pentanone
2~HBexanone

Styrene

m~Xylene**

o0-Xylene**

p~Xylene**

CAS Number

" 71-43-2
75-27-4
75-25-2
74-83-9
56-~23-5

108-90-7
75-00-3
67-66-3
74-87-3

124-48-1
75-34-3

107-06-2
75-35-4

78-87-5
10061-01-5
10061-02-6

100-51-4
75-09-2
79-34-5

127-18-4

108-88-3

71-55-6

79-00-5

79-01-6

75-01-4

67-64-1

75-15-0

78-93-3

108-05-4

108-10-1

519-78-6

100-42-5

108-38-3
95-47-6

106-42-3

Required Quantitation Limits
{ng/tube)

(SRR RN B R RV BT REE RV RV RNV RV RS RV RV, R RV R R BT R R RV RS IO RV BT S BT RV T IS RV T, T ]

**+ Assuming cartridge is packed with 2 grams of Tenax.

A/P/HIMCO/AD4

I1-3



ATTACHMENT III

SORBENT TUBE SAS
ADDITIONAL SPECIAL INSTRUCTIONS

Daily GC/MS performance test, Section 9, will be performed by adding 50 ng of
bromofluorobenzene to a blank Tenax cartridge.

Internal Standard Calibration, Section 6.2, 50 ng of bromofluorobenzene (BFB)
will be added to all sorbent cartridges (in addition to one or more internal
standards) to provide continuous monitoring of the GC/MS performance relative
to BFB.

The laboratory will tentatively identify up to 10 additional compounds.

For MS/MSD analyses, the Tenax/charcoal tube must be spiked if the analysis is
run with the tubes in series. The sampling team may request the tubes not be
run in series if field screening indicates high concentrations.

Surrogate spikes will be comprised of the following:

° Dg - Toluene

° Dy - 1,2-dichloroethene

4 - bromofluorobenzene

These surrogate compounds will go into the Tenax/charcoal tube if the tubes
are to be analyzed in pairs. If the Tenax and Tenax/charcoal tubes are
analyzed separately, each tube must be spiked with the surrogates. Tubes will
be spiked with 200 ng of each surrogate compounds.

DATA CALCULATION AND REPORTING/UNITS

Data is calculated in units of ng/tube (Section 7.5.1.1, page 5040-7). Units
of ng/tube should be converted to ng/L to indicate the ng of each volatile
organic compound detected (or undetected) per liter of soil gas collected at
standard conditions, using the following conversion:

ng/tube x _tube = ng/Liter
Liters*

*Supplied by field team, corrected to standard conditions will be recorded on
chain-of-custody form.
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ATTACHMENT IV
SORBENT TUBE SAS
ANALYTICAL RESULTS REQUIRED

- All documentation requirements of the CLP organic SOW 2/88 applies,
including coples of the chain-of-custody forms received at the lab
with the samples, initial and continuing calibration forms, volatile
OADS, surrogate recovery summary, internal standard summary, and
matrix, matrix spike duplicate recovery summary.

- Non-target list compounds detected will be identified, quantified,
and reported as TICs in the CLP 2/88 SOW.

- All results from analysis of blank cartridges.
- Detection limit verification data from procedure in Attachment II.

- Notes on calculation of percent rsd for calibration curve and percent
rpd for daily calibration check standards.

- Documentation of cartridge tube pairs preparation and handling.

A/P/HIMCO/AD4
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METHOD 5040

PROTOCOL FOR ANALYSIS OF SORBENT CARTRIDGES
FROM VOLATILE ORGANIC SAMPLING TRAIN

1.0 SCOPE AND APPLICATION

%.1 Method 5040 was formerly Method 3720 1{n the Second Edition of this -
manual. .

- 1.2 This method covers the determination of volatile principal organic
hazardous constituents (POHCs), collected on Tenax and Tenax/charcoal sorbent
cartridges using a volatile organic sampling train, VOST (1). Much of the
description for purge-and-trap GC/MS analysis 1s described 1n Method 8240 of
this chapter. Because the majority of gas streams sampled using VOST will
contain a high concentration of water, the analytical method is based on the
quantitative thermal desorption of volatile POHCs from the Tenax and
Tenax/charcoal traps and analysis by purge-and-trap GC/MS. For the purposes
of definition, volatile POHCs are those POHCs with bofling points less than
100°C.

1.3 This method 1s applicable to the analysis of Tenax and Tenax/
charcoal cartridges used to collect volatile POHCs from wet stack gas
effluents from hazardous waste incinerators.

1.4 The sensitivity of the analytical method for a particular volatile
POHC depends on the 1level of interferences and the presence of detectable
levels of volatile POHCs in blanks. The desired target detection 1imit of the
analytical method is 0.1 ng/L (20 ng on a single pair of traps) for a
particular volatile POHC desorbed from either a single pair of Tenax and
Tenax/charcoal cartridges or by thermal desorption of up to six pairs of traps
onto a single pair of Tenax and Tenax/charcoal traps. The resulting single
pair of traps is then thermally desorbed and analyzed by purge-and-trap GC/MS.

1.5 This method 1s recommended for use only by experienced mass
spectroscopists or under the close supervision of such qualified persons.

2.0 SUMMARY OF METHOD

2.1 A schematic diagram of the analytical system is shown in Figure 1.
The contents of the sorbent cartridges are spiked with an internal standard
and thermally desorbed for 10 min at 180°C with organic-free nitrogen or
helium gas (at a flow rate of 40 mL/min), bubbled through 5 mL of organic-free
water, and trapped on an analytical adsorbent trap. After the 10-min
desorption, the analytical adsorbent trap is rapidly heated to 180°C, with the
carrier gas flow reversed so that the effluent flow from the analytical trap
{s directed into the GC/MS. The volatile POHCs are separated by temperature-
programmed gas chromatography and detected by low-resolution mass
spectrometry. The concentrations of volatile POHCs are calculated using the
{nternal standard technique.
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3.0 INTERFERENCES
3.1 Refer to Methods 3506 and 8240.
(,
4.0 APPARATUS AND MATERIALS
4.1 Thermal desorption unit:

4.1.1 The thermal desorption unit (for Inside/Inside VOST car-
tridges, use Supelco “clamshell” heater; for Inside/Outsfde VOST car-
tridges, user fabricated unit is required) should be capable of thermally
desorbing the sorbent resin tubes. It should also be capable of heating
the tubes to 180 + 10°C ‘with flow of organic-free nitrogen or helium
through the tubes. :
4,2 Purge-and-trap unft:

4.2.1 The purge-and-trap unit consists of three separate pieces of
equipment: the sample purger, trap, and the desorber. It should be
capable of meeting all requirements of Method 5030 for analysis of
purgeable organic compounds from water.

4.3 GC/MS system: As described in Method 8240.
5.0 REAGENTS
5.1 Reagent water: Reagent water {s defined as water in which an
<—, interferent is not observed at the method detection 1imit of the parameters of
{nterest.

5.1.1 Reagent water may be generated by passing tap water through a
carbon filter bed containing about 450 g of activated carbon (Calgon
Corporation, Filtrasorb-300, or equivalent).

5.1.2 A water purification system (Millipore Super-Q or equivalent)
may be used to generate reagent water.

5.1.3 Reagent water may also be prepared by boiling distilled
water for 15 min. Subsequently, while maintaining the temperature
at 90°C, bubble a contaminant-free inert gas through the water for 1 hr.
Allow the water to cool to room temperature while continuing to bubble
the inert gas through the water, This water should be transferred
directly to the purge-and-trap apparatus for use.

5.1.4 Other methods that can be shown to produce organic-free water
can be used.
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5.2.1 2,6-Diphenylene oxide polymer: Tenax (60/80 mesh), chromato-
graphic grade or equivalent.

5.2.2 Methyl silicone packing: 3% OV-1 on Chromosorb W (60780
mesh) or equivalent.

5.2.3 Silica gel: Davison Chemical (35/00 mesh), Grade 15, or
equivalent.

5 2.4 Charcoal: Petroleum-based (SXC Lot 104 or equivalent)
. 5 3 Stock standard solution:

5.3.1 Stock standard solutions will be prepared from pure standard
materials or purchased as certified solutions. The stock standards
should be prepared in methanol using assayed 1liquids or gases, as

. . appropriate. Because of the toxicity of some of the organohalides,

- primary dilutions of these materials should be prepared in a hood. A

. NIOSH/MESA-approved toxic gas respirator should be used when the analyst
handles high concentrations of such materials.

5.3.2 Fresh stock standards should be prepared weekly for volatile

. POHCs with boiling points of {35°C. All other standards must be replaced

mong?ly, or sooner f{f comparison with check standards {ndicates a
problem.

5.4 Secondary dilution standards:

- 5.4,1 Using stock standard solutions, prepare in methanol secondary (j
.. dilution standards that contain the compounds of interest, either singly
. or mixed together. The secondary dilution standards should be prepared
.at concentrations such that the desorbed calibration standards will
bracket the working range of the analytical system.

5.5 4-Bromofluorobenzene (BFB) standard:

5.5.1 Prepare a 25 ng/ulL solution of BFB 1n methanol.

Dy -1, z—dlw'omcaqer,c ) )g «rvlucnc.
6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 Refer to Method 0030, Chapter Ten.
Cp/‘fvldfj-fs
. 6.2 Semple—tpainc obtained from -the—NO0ST. should be analyzed within
2+6-weeks of sample collection.
7 days
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7.0 PROCEDURE
7.1 Assembly of PTD devi;e:

7.1.1 Assemble a purge-and-trap desorption device (PTD) that meets
all the requirements of Method 5030 (refer to Figure 1).

7.1.2 Connect the thermal desorption device to the PTD device.
Calibrate the PTD-GC/MS system using the internal standard technique.

7.2 Internal standard ca]ibrat16ngprocedure:

7.2.1 This approach requires the use of deuterated benzene as the
internal standard for these analyses. Other internal standards may be
proposed for use in certain situations. The f{mportant criteria for -
choosing a particular compound as an {nternal standard are that it be
similar in analytical behavior to the compounds of {nterest and that {t
can be demonstrated that the measurement of the internal standard be
unaffected by method or matrix i{nterferences. Other internal standards
that have been used are djp-ethylbenzene and dg-1,2-dichloroethane. One
adds 50 ng of BFB to all sorbent cartridges (in addition to one or more
-internal standards) to provide continuous monitoring of the GC/MS
performance relative to BFB.

FWE

. 7.2.2 Prepare calibration standards at a minimum of ¢heee
concentration levels for each analyte of interest.

7.2.3 The calibration standards are prepared by spiking a blank
Tenax or Tenax/charcoal trap with a methanolic solution of the
.. calibration standards (including 50 ng of the internal standard, such as
.-. deuterated benzene), using the flash evaporation technique. The flash
. evaporation technique requires filling the needle of a 5.0-ulL syringe
with clean methanol and drawing air i{nto the syringe to the 1.0-ulL mark.
This 1s followed by drawing a methanolic solution of the calibration
standards (containing 25 ug/uL of the {internal standard) to the 2.0-ul
mark. The glass traps should be attached to the {njection port of a gas
chromatograph while maintaining the injector temperature at 160°C. The

carrijr gas flow through the traps should be maintained at about

50 mL/min.

7.2.4 After directing the gas flow through the trap, the contents
of the syringe should be slowly expelled through the gas chromatograph
injection port over about 15 sec. After 25 sec have elapsed, the gas
flow through the trap should be shut off, the syringe removed, and the
trap analyzed by the PTD-GC/MS procedure outlined in Method 8240. The
total flow of gas through the traps during addition of calibration
standards to blank cartridges, or 1internal standards to sample
cartridges, should be 25 mL or less.

7.2.5 Analyze each calibration standard for both Tenax and Tenax/
charcoal cartridges according to Section 7.3. Tabulate the area response
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of the characteristic fons of each analyte against the concentration of
the i{nternal standard and calculate response factor (RF) for each
compound, using Equation 1.

RF = Ascis/mscs -(1)
where:
Ag = Area of the characteristic fon for the analyte to
be measured.
A{s = Area of the characteristic fon for the internal
standard.
Cis = Amount (ng) of the internal standard.
Cs = Amount (ng) of the volatile POHC in calibration

standard.

If the RF value over the working range 1{s a constant ({10% RSD), the RF
can be assumed to be 1{nvariant, and the average RF can be used for
calculations. Alternatively, the results can be used to plot a
calibration curve of response ratios, Ag/Ajg versus RF.

7.2.6 The working calibration curve or RF must be verified on each
working day by the measurement of one or more of the calibration
standards. If the response varies by more than +25% for any analyte, a
new calibration standard must be prepared and analyzed, for that analyte.

7.3 The schematic of the PTD-GC/MS system 1{is shown 1{n Figure 1. The
sample cartridge is placed 1in the thermal desorption apparatus (for Inside/
Inside VOST cartridges, use Supelco °“clamshell" heater; for Inside/Outside
VOST cartridges, user fabricated unit is required) and desorbed in the purge-
and-trap system by heating to 180°C for 10 min at a flow rate of 40 mL/min.
The desorbed components pass into the bottom of the water column, are purged
from the water, and collected on the analytical adsorbent trap. After the 10-
min desorption period, the compounds are desorbed from the analytical adsor-
bent trap into the GC/MS system according to the procedures described in

Method 8240.
7.4 Qualitative identification:

7.4.1 The procedure for qualitative 1identification of volatile
POHCs using this protocol {s described in Method 8240.

7.5 Calculations:

7.5.1 When an analyte has been qualitatively {dentified,
quantification should be based on the integrated abundance from the EICP
of the primary characteristic ifon chosen for that analyte. If the sample
produces an interference for the primary characteristic fon, a secondary
characteristic fon should be used.
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7.5.1.1 Using the 1nterna1.standard calibration procedure, the
amount of analyte in the sample cartridge is calculated using the
response factor (RF) determined {n Paragraph 7.2.5 and Equation 2.

Amount of POHC = A¢Cyg/A{sRF (2)
where:

Ag = Area of the character1st1c fon for the analyte to be
measured.

A{s = Area for the characteristic fon of the internal
standard. .

Cis = Amount (ng) of internal standard.

\§hou1d be used to detpfidS ether trip blag
Ry different from/g blanks. If B

difference 1s. oY
the combined fiel¥
calculated.

7.5.1.3.2 If, wheERReE test, the field
trip blanks are determizBo be different, then the f
blank (or the mean of 48% \\\jeld blanks) associfated wi
particular run shoulgd/ds ' ¢ the blank value for §
particular run. N

7.5.1.4 Next,
ermination mustI/;
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1§h Qample value and'ﬁigh biank value or there 1s a
2and Jow blank value), the measured sample value
\§\\In this case, the measured sample

Rpxfmum emission value (and the

f

1

e

the site. : a

dicating high concentrat \ )

s\ ould be qualified with R, Y211dity, and blank data shoglld
' reported separately. s d)ity of data of this type o

/ hory decision. d

‘ oncentrations 0 MCs in blank sorb@t
be

U , that procedures
¥ce of sorbent cartridge
iminate this problem.

8.0 QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures and
Method 3500 for sample preparation procedures.

8.2 Each laboratory that uses this method 1s required to operate a
formal quality control program. The minimum requirements of this
program consist of an {nitial demonstration of laboratory capability
and the analysis of blank Tenax and Tenax/charcoal cartridges spiked
with the analytes of i{nterest. The 1laboratory {s required to
maintain performance records to define the quality of data that are
generated. Ongoing performance checks must be compared with
established performance criteria to determine if results are within
the expected precision and accuracy limits of the method.

8.2.1 Before performing any analyses, the analyst must demonstrate
the ability to generate acceptable precision and accuracy with this
method. This ability {s established as described in Paragraph 7.2.

8.2.2 The 1laboratory must spike all Tenax and Tenax/charcoal
cartridges with the internal standard(s) to monitor continuing laboratory
performance. This procedure §s described in Paragraph 7.2.

8.3 To establish the ability to generate acceptable accuracy and
precision, the analyst must spike blank Tenax and Tenax/charcoal cartridges
with the analytes of interest at two concentrations in the working range.
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8.3.1 The average response factor (R) and the standard deviation
(S) for each nust be calculated. .

8.3.2 The average recovery and standard deviation must fall within
the expected range for determination of volatile POHCs using this method.
The expected range for recovery of volatile POHCs using this method {s
50-150%.

- 8.4 The analyst must calculate nethod performance criteria for the
1nterna1 standard(s). , : .
 8.4.1 Calculate upper and lower control lilite for method
performances using the average area - response (A) and standard
deviation(s) for internal standard: SR

Upper Control Limit (UCL) = A + 3S.
Lower Control Limit (LCL) = - 3S.

The UCL and LCL can be used to construct control charts that are useful
in observing trends in performance. - The control limits must be replaced
by method performance criteria as they become available from the
U.S. EPA. . .

8.5 The laboratory is required to spike all sample cartridges (Tenax and
Tenax/charcoal) with internal standard.

8.6 Each day, the analyst must demonstrate through analysis of blank
Tenax and Tenax/charcoal cartridges and reagent water that 1nterferences from
the analytical system are under control,

8.7 The dafly GC/MS performance tesfs. required for this nethod are
described in Method 8240. ,

- i

9.0 METHOD PERFORMANCE

9.1 Refer to the determinative methods for performance data.

10.0 REFERENCES

1. Protocol for Collection and Analysis of Volatile POHC's Using VOST.
EPA/600/8-84-007, March 1984,

2. Validation of the Volatile Organic ‘Sampling Train (VOST) Protocol.
Volumes I and II. EPA/600/4-86-014a, January 1986.

5040 - 9

Revision
Date Septe ESer 1986




c® e e -

METHMOO $040

PROTOCOL FOR ANMALYSIS OF SORPENT CAATAIOGES
FROs YOLATILE ORGANIC SamPLING TRAIN

7.4.8

Asseadle
ourge ond trag
seserption

7.8.4

sevice

Cxpel
contants of

injection port

7.l.l| Cennsct
therss)

sesorption
gevice:

colidrate
systaa

trep by
SC/NS precedure

(Methoo 8240)

7.2.4

Select internsl
stenoere

7.2.3] anslyze
sach

celivration

stengerd fer

beth certrispes
(see 2.3

7.!.3'
Preasere

celibrotion
stongares ueing
flesh evaperst.

technigue

v.2.9

Tedbulate
eres response
ond celtulete

respense factor

?2.8.4

Direct gos flow
Shewgn trege

7.2.8

Verify respeonse
facter gocth Soy

O

5040 - 10

7.3 | Plece
ssmole
certrioge
in Gaserption
soparetus:
gaseorp in P-7

2.3

Oesord inte
GC/nS l‘ltca
bathoa 8240)

7.4, tl

Ouont.ttvtxy
. Jeuent?

velstile FE“C!

(Methee 8240)

7.5.¢

Use priasry
eharscreristic
ton for
Quentificetion

7.8.1.1

Caleulete
sasunt of

snelyte in
eenple

©

Revision

Date _ptm




Use f71el0 Dlank
a8 Dlank value

METHOD $040
PROTOCOL FOR ANMALYSIS OF SORSENT CAATAIDGES

FAOM YOLATILE ORMGANIC SAnALING TRAIN
(Cont tnued)

7.9.5.9

Sun

smsunt ot POMCS
of jngerest
ever 2 trape

7.5.1.3

B8lenk gorrect
using peireo
t=tsst

are trip dlenks
gifferent fraa
fielc Dlanks?

.

Ouelifty

s _concentr,
PONCs In Blenk
csrtrigges
nign?

with regere
te velisity:
repert Blena
dets seporstely

i

control
j1imit

7.8.1.7[0uslity
Oe internasl the
stend. receveriss cnncscn« of the
fall evtelse sets for 8113

enslytes frem
shet gcertrigpe

7.5.1.3] Fing
sesn
ang stensare
Qseviatien et
condined fielo
eng trip dlenks

7.8.%.4

Oeteraine
1f sample 1is
different
from Blenx

Use sessuresd
semgle velue G0
ealculete @ max
emission valve

L

Is semple

gifferent free
slenx?

& gerrect
1en value
ot o

sarticuler PONC

]

5040 - 11

Revision

0

Date September 1986




Yéotech

U.S. ENVIRONMENTAL PROTECTION AGENCY M $AS Nonber—]
CLP Sample Management Otfice. Number
P.O. Box 818 - Alexandria, Virginia 22313
Phone: 703/557-2490 - FTS/557-2490

Client Request

Regional Transmittal ' Telephone Request

A. EPA Region/Client: — __ —I
B. RSCC Representative: :’En P C;L_S
C. Telephone Number: _([B2) 36523 -2720D

D. Date of Request:

E. Site Name: &[m' (D !QQM; amg/ﬁ :[:rdl'qng

Please provide below description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain jaboratory
capability for your request, please address the following considerations, if applicable.
Incomplete or erroneous information may result in a delay in the processing of your
request. Please continue response on additional sheets, or attach supplementary
information as needed.

1.  General description of analytical service requested:
physical Soitdests : AHerbera Limits
- PLartide”si s
parm{ablll.?‘y L Cons o!/’da‘b'on, tviaxmal Shéar

2. Definition and number of work units involved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medium or high concentration): . .

2S5 lowleyel sotls for < ]
3 low level Sojls for  permusbildy

2. low leve] Seils Tor concolidation

5 Jow|ewdd sojls o Wiaxial Shear—

3. Purpose of analysis (specify whether Superfund (enforcement or remedial action),
RCRA, NPDES, etc.):

SUpefund Yerredial \-A\_/EJ%Gm}ﬁ




§. Estimated date(s) of collection:

3.  Estimated date(s) and method of shipment:
Ovesrn §ht COuriesr — fxlafct one Shipment fov
YDa/tcle 3 ! o idq ¢
axil’s n othe ment
6. N\‘ggg of days ana.lfyszr a%'}:u (r'auired after laboratfr); 'feceipt of samples:
30 >

7. Analytical protogol required (attach copy if other than a protocol currently used in
this program): :é;/-hd’: size: AST™m Dy22 py2l DBSY.
Alcrboa limtts: ASTM P48 (attached)
Bermea bl . ASTM D2Y3Y (athached) -

Consolidagtion: ASTM D W3S Trnbxial Shear: AsT™M D 2356
Catfached) Caffached )
8.  Special technical instructions (if outside protocol requirements, specify compound .
names, CAS numbers, detection limits, etc.): e siu

A "
Use only the wethods specrfied gbuove . Obtaw apsnovad
of Reaion T prior fo i: ff i;’; ?ﬁe/ method.
eboh nlogd; ckenste’ for conov/idation pots
M%, vse 5t Waot 3 [oad Incremerts 1n estiblh,
bt deboippron Cunye. Trioxul . Use gt logoX 10 rgg,%
7yZ~LAle’

S —

o %” L O s O )

9.  Analytical results required (if known, specify format for data sheets, QA/QC
reports, Chain-of-Custody documentation, etc.) If not completed, format of results
will be left to program discretion.

See attd Mﬁ Atrcne A 2 (pqrhw size)

10. Etahl:r d(use additjonal s?ee}s :;dam:\cjl supplementary infoglmgiio?, as need:i)éd
non-
ata wmr_'k;g+ tg (.ow ':e ;_1 eovrmrent wi boyecwm-
Il. Name of sampling/shipping contact: &wgé léieh ‘
Phone: _ (414 4S8-8711 X 2253
8. cont . Sieve, hyd rometer, specifrie gradrty and hvgg’“ﬂfc moisturt Anglyss
O

3 =D
MULT be forrmed . Absoludely No METIODOLOG Y MAN GE LSE
uniss lab % Obianed afprwaY ofSmo priorfh aralysis.

8. cot. woe AsmD2Y3Y Pt/rwibb-vu method &SW%
U ceied (A Zploc bago (dhicruled) Hal wild Cmiai
Ut Wv; //uazpm#woo 5°/ o drplio Apuw-uf /'
be

MU o) ok will €6 Covfaim btt, redd
%&IL panmt?'m' dﬁ"j
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o | b ,~ g proced
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) '//)H'M.Iom(,g—z SaTvatzen W%
LT OP{Usme~ Adirverodovig
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"' pj,otj Mo(dmw.% %WMW
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9. patabial Looutte (eont:

| Trigxial Shean |
LT Optlmi. Juoeripoon

- wnrhak dag P wegrt - Walte Cotte 0,
.- M&frdxm %) Spetimen, /Ab%tfo
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12. Data Requirements

. . Precision Desired
Parameter _Detection Limit (=% or Concentration)
z; Nd' 4@2&;4 ble.
;gm S;zg' éﬁnz Qrpq_f:n:g ] /" - “'* -
—Conpolidaicen Nt daeaucm
Pecmeabilit (¢ vtmrthied) Nt Appiigble
ineabil)’ ighead)  Not Appicable
13. QC Regquirements - )
Limits
Audits Required Frequency of Audits (Percent or Concentration)

v lf‘uk_ww 20
A_ST2L: dv.)i 1 per 10 or less sampleo Snevs ANALY SIS > -
Baoltdefion = pine. Cﬁ"i“ﬁé”}ii‘ b 44

el shwrinome  — HYDEo M MALYSIS ¢
F e — e s
. esSe ﬁmgﬂq«n? No.}o
16. Action Required if Limits are Exceeded , ne fagion: < No. /o
_Reanalyze;, Contact SMPO & . oo . il

T s

-t

Please return this request to the Sample Management Office as soon as possible to
expedite processing of your request for special analytical services. Should you have any
Questions or need any assistance, please contact your Regional representative at the
Sample Management Office.
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SAMPLE PREPARATION ATTACHMENT 1

l.) Air-dry entire sample (see below), record air-dried weight (A)
2.) If the sample contains large pieces of material other than
s0il such as wood, leaves, leather, mats of hair, etc., this
material should be removed by the analyst after the original air-
dried weight has been recorded. A short written description of the
material removed should be recorded. Record weight of material
removed (B).

3.) Record weight of air-dried soil submitted, (A) - (B).

NOTE: Air-dry sample by spreading out sample in an aluminum pan or
a crucible to dry. Length of time to air-dry sample (24 hours to
possibly several days) will depend on type of soil received and its
moisture content. Final air-dried soil should have <5% moisture.

MINIMUM SAMPLE SIZES

The air-dried soil is prepared for mechanical analysis as
described in ASTM D-421. The separation on the No. 10 sieve
results in a coarse and a fine fraction.

ASTM D-422 gives pinimum sample sizes for samples with nominal
diameters of the largest particles ranging from 3/8" to 3",
Furthermore, these samples as well as samples with the largest
particles less than 3/8" require a pinimum sample size to yield
portions passing a No. 10 sieve of 115 grams for sandy soils and
65 grams for silt/clay scils.

It is acceptable to use entire sample for analysis to meet
these minimum requirements.

If these minimum reguirements are not possible due ¢to
insufficient sample size, OR if the total weight of air-dried soil
submitted is less than 200 grams, CONTACT SMO IMMEDIATELY (SMO will
contact the Region). Give SMO the following information for the
sanmples not meeting the ASTM D-422 requirements or the 200 gram
requirement: sample numbers, sample weights, and required sample
weights. Region V CRL will determine whether to proceed with or
terminate analysis.

COARSE FRACTION:

Perform a sieve analysis of the portion retained on the No.
10 sieve according to the ASTM test method using the following
sieves: 3" (75 mm), 2" (50 mm), 1 1/2" (37.5 mm), 1" (25.0 mm),
3/4" (19.0 mm), 3/8" (9.5 mm), No. 4 (4.75 mm), No. 10 (2.00 mm).

FINE FRACTION:

Perform hydrometer, hygroscopic moisture, and specific gravity
analysis on the fraction that passes a No. 10 sieve. Give a
written description of the portion passing No. 10 sieve. If sandy,
use 100 grams for hydrometer analysis, and if clay/silt, use 50
grams for hydrometer analysis.

Perform a sieve analysis of the portion that passes a No. 10
sieve according to ASTM D-422 using the following sieves:

No. 20, No. 40, No. 60, No. 80, No. 100, No. 200.
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RAW DATA:

All hand-written raw data must be submitted, and should
include the following:

Total air-dried weight of sample submitted (A).

Total air-dried weight of extraneous material removed (B).

Total air-dried weight of soil submitted (A) - (B).

Total weight of soil retained on a No. 10 sieve.

Total weight of soil passing a No. 10 sieve.

Complete coarse fraction sieve analysis.

Complete hydrometer analysis including time, temperature,

hydrometer readings, type of hydrometer, etc.

Complete hygroscopic moisture analysis.

Complete specific gravity analysis.

Complete fine fraction sieve analysis.

Written description of extraneous material removed (if any),
and of material passing a No. 10 sieve (sand or clay/silt).

NoOmd W e
L] L ] L ] L] * * L]
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Attachment 3 is suggested to be used as a raw data form by the
laboratory, or the laboratory may use their own raw data forms as
long as all regquired deliverables are included.

CALCULATIONS:

All calculations may be performed using a computer generated
spreadsheet, but both handwritten raw data AND computer
spreadsheets must be submitted as case deliverables.

REPORT:

Report results as percent finer than the specified particle
size. Present data as tabulated AND in the form of a grain-sized
distribution curve on a semi-logarithmic chart with percent finer
by weight plotted on the arithmetic scale and grain size plotted
on the logarithmic scale.



Attachment 3

- ASTM D-422 Particle Size Anal
Laboratory:

ysis of SéIi;‘

Analyste:

Ladb Sample No.:

Sample Preparation:

Total air-dried extraneous material:

Total veight

Total veight soil passin

Extraneous material descripti
% passing No. 10 description

A — —— ey e——

Total air-dried sample:

Total air-dried soil:
socil retained No. 10 sieve:
No. 10 sieve:

$ Retained No. 10 Sieve:
§ Passing No. 10 Sieve:
on:

Analysis:

Pycnometer, Water:

Coarse Sieve Analysis: Sieve Size Weight Retained, g
Date: an '
2"
121/2"
1"
3/4"
3/8"
No. 4
No.10
Hydrometer Analysis: Date: Type of hydrometer:
Time ) Hydrometer | Hydrometer Corrected Temperature
(min.) Actual Time Actual Comp. Corr. Hydrometer °Cc
2
5
15
30
60
250
1440
Fine Sieve Analysis: Sieve Size: Weight Retained, g
Date: No. 20
No. 40
No. 60
No. 80
No. 100
No. 200
—
Hygroscopic Moisture Analysis: Tare: g
Sample Weight: g
Tare + Dry Weight: g
Dry Weight: ]
 Moisture:
Specific Gravity Pycnoneter: g
g
g

Pycnometer, Water, Soil:
Temperature, *C:
Specific Gravity:

Comments:
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qm}) Designation: D 421 - 85

Standard Practice for

Dry Preparation of Soil Samples for Particle-Size Analysis and

Determination of Soil Constants’

This sandard 15 imued under the fixed designation D 421: the sumber immadisily following the designatios indicsias the year of
ong:nal adoption or. in the case of revison, the year of las revimon. A sumber in parentheses indicates the year of last rexpproval. A
SUPETKTIPL epRion () Indicaies an adhional change snce the las revimon or reapproval.

1. Scope

1.1 This practice covers the dry preparation of soil samples
as received from the field for parucle-size analysis and the
derermination of the soil constants.

1.2 This standard may involve hazardous materials, oper-
ations. and equipmen!. This standard does not purport to
address all of the safery problems associated with its use. It is
the responsibility of whoever uses this siandard 10 consult and
establish appropriate safery and health practices and deter-
mine the applicability of regulatory limitations prior 1o use.

2. Referenced Documents

2.1 ASTM Standards

D 2217 Practice for Wet Preparation of Soil Samples for
Particle-Size Analysis and Determination of Soil
Constants”

E Il Specification for Wire-Cloth Sieves for Testing
Purposes’

3. Significance and Use

3.1 This practice can be used 10 prepare samples for par-
ucle-size and plasticity 1ests where 1t is desired to determine
1est values on air-dried samples. or where it is known that air
dnving does not have an effect on test results relative 1o
samples prepared in accordance with Practice D 2217.

4. Apparatus

4.1 Balance. sensitive 10 0.1 g.

4.2 AMonar and Rubber-Covered Pestle, suitable for break-
ing up the aggregations of soil particles.

4.3 Sieves—A senies of sieves. of square mesh woven wire
cloth. conforming to Specification E 11. The sieves required
are as follows:

No 4({47%mm)

No 10(2.00-mm)
No 40 1428qum)

4.4 Sampler— A rifTie sampler or sample splitier, for quan-
ening the samples.

' This practice 15 under the junsdicuon of ASTM Commutiee D-18 on Soil and
Rock and 15 the direct responsibility of Subcommitiee D18.03 on Teature, Plasticaty.
and Denuty Characienstics of Sorls

Current edition approsed Juls 3¢ 198¢ Published September 198¢ Onpinally
pubiished as D 421 - 3¢ T Last previous eciion D 42 - 58 (1978

P Annial Book of 45T Siandards. Vol 04 08

} 4nnual Bk of 4ST A Siandoeds, Vol 14 02

85

8. Sampling

$.1 Expose the soil sample as received from the field to the
air st room temperature until dried thoroughly. Break up the
aggregations thoroughly in the mortar with a rubber<covered
pestle. Select 8 representative sample of the amount required
10 perform the desired tests by the method of quartering or
by the use of a sampler. The amounts of material required to
perform the individual tests are as follows:

5.1.1 Parnicle-Size Analysis—For the particle-size analysis,
material passing a No. 10 (2.00-mm) sieve is required in
amounts equal to 115 g of sandy soils and 65 g of either silt
or clay soils.

§.12 Tesis for Soil Constants—For the tests for soil con-
stants, material passing the No. 40 (425-um) sieve is required
in total amount of 220 g. allocated as follows:

Ten Grams
Liquid bmit 100
Pastic bmit 18
Centrifuge moisture equivalent 10
Volumewnc shnokage b o]
Check tens 65

6. Preparation of Test Sample

6.1 Select that portion of the air-dried sample selected for
purpose of tests and record the mass as the mass of the total
test sample uncorrecied for hygroscopic moisture. Separate
the test sample by sieving with a No. 10 (2.00-mm) sieve.
Grind that fraction retained on the No. 10 sieve in a mortar
with a rubber<covered pestle until the aggregations of soil
particles are broken up into the separate grains. Then separate
the ground soil into two fractions by sieving with a No. 10
sieve.

6.2 Wash that fraction retained afier the second sieving
free of all fine material. dry. and weigh. Record this mass as
the mass of coarse material. Sieve the coarse material, afier
being washed and dried, on the No. 4 (4.75-mm) sieve and
record the mass retained on the No. 4 sieve.

7. Test Sample for Particle-Size Analysis

7.1 Thoroughly mix together the fractions passing the No.
10 (2.00-mm) sieve in both sieving operations, and by the
method of quartering or the use of a sampler, select a portion
weighing approximately 11$ g for sandy soils and approxi-
mately 65 g for silt and clay soil for particle-size analysis.

8. Test Sample for Soil Constants

8.1 Separate the remaining portion of the matenial passing
the No. 10 (2.00-mm) sieve into two parts by means of a No.
40 (425-um) sieve. Discard the fraction retained on the No.
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40 sieve. Use the fraction passing the No. 40 sieve for the  determination of the soil constants.

The Amercan Socsaty for Testing and Marerals takes no poBRion rEspeCEYy) the vaiIty of &y DErert Nl BESETET 1 CONMSCION
wif any em Mertoned n the Swowt. Users of tha Stancerd &re expressly Kiviesd el Saternen@ion of the vaitaty of any auch
PEer nigits. 8nd the rek of wirmgement of auch rights. are entrely thair own reaporaieilty.

This stanciert & submc? o revison & any time by the resporaibls technicarl committes 81T Must b reviswed ewery fwve years and
# nox rovIped. StNer reapOIOVEC Of WRNGrTwN. YOI COMMerss e Nwited elthey Kt revikon of Ihe Renaerd &r Ko SOSEXS RENOwTs
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qmb Designation: D 422 - 83 (Reapproved 1972)"'

Standard Method for

Particle-Size Analysis of Soils’

This mandard is imued under the fixed designation D 422 the number immedisiely following the designation indicases the year of
ongnal adoption or. in the case of revision, the yesr of laxt revision. A sumbey in parentheses indicates the yesr of lam reapproval. A
supenicripe epsilon (¢) indicates an editorial change since the last revisios or reapproval.

¢! NoTe—Section 2 was added editonally and subsequent sections resymbered ia July 1984,

1. Scope

1.1 This method covers the quantitative determination of
the distribution of particle sizes in soils. The distribution of
panticle sizes larger than 75 um (retained on the No. 200
sieve) is determined by sieving, while the distribution of
particle sizes smaller than 75 um is determined by a
sedimentation process, using &8 hydrometer to secure the
pecessary data (Notes | and 2).

Nore 1—Separation may be made on the No. 4 (4.75-mm). No. 40
‘$25-um), or No. 200 (75-um) sieve instead of the No. 10. For whatever

‘wullieve used. the size shall be indicated in the report

Note 2—~Two types of dispersion devices are provided: (/) a
Xgh-speed mechanical stirrer. and (2) air dispernon. Extensive invesu-
gmoons indicate that air-dispersion devices produce & more positive
dispersion of plastic soils below the 20-um size and appreciably jess
degradation on all sizes when used with sandy soils Because of the
definite advantages favoring air dispersion, its use is recommended. The
results from the two types of devices differ in magnitude, depending

1 s0i! tvpe. leading to marked differences in particle gize distribu-
. especially for sizes finer than 20 ym.

2. Referenced Documents

2.1 ASTM Standards
N 421 Practce for Dry Preparation of Soil Samples for
-:c1e-Size  Analysis and Determination of Soil
siants’
E 11 Specification for Wire-Cloth Sieves for Testing
Purposes®
E 100 Specification for ASTM Hydrometers*

3. Apparatus

3.1 Balances—A balance sensitive to 0.01 g for weighing
the material passing a No. 10 (2.00-mm) sieve, and a balance
sensitive 10 0.1 % of the mass of the sample to be weighed for
weighing the matenial retained on a No. 10 sieve.

3.2 Stirring Apparatus—Either apparatus A or B may be
used.

3.2.1 Apparatus A shall consist of a mechanically oper-
ated stirring device in which a suitably mounted electinc
motor turns a vertical shaft at a speed of not less than 10 000
pm without load. The shaft shall be equipped with a

! This method 13 under the junsdicoon of ASTM Commitiee D-18 on Soil and
Rock and © the direct responsibibity of Subcommines DI8.03 oe Teature.
Paman. and Densuty Charactensucs of Soils

“rremt edibon approved Nov 21, 1961 Onpnally pudlished 1935 Replaces

- 62

- Annua/ Book of ASTM Siandards, Vol 04.08

3 Annual Book of ASTM Siandards. Vol 14 02

* Annugl Boox of ASTM Siandards, Vol 1401

87

replaceable stirring paddle made of metal, plastic, or hard
rubber, as shown in Fig. 1. The shafi shall be of such length
that the stirring paddle will operate not less than % in. (19.0
mm) nor more than 1% in. (38.1 mm) above the bottom of
the dispersion cup. A special dispersion cup conforming 1o
either of the designs shown in Fig. 2 shall be provided to hold
the sample while it is being dispersed.

3.2.2 Apparatus B shall consist of an air-jet dispersion
cup’ (Note 3) conforming to the general details shown in Fig.
3 (Notes 4 and $).

Note 3—The amount of air required by an air-jet dispersion cup is
of the order of 2 ft/min: some small air compressors are oot capabie of
supplying sufficient air w operate 3 cup.

NOTE 4—~Abother air-type dispersion device. known as a dispersion
tube, developed by Chu and Davidson at lowa State Coliege, has been
shows 10 give results equivalent to those secured by the air-jet dispersion
cups. When it is used. soaking of the sampiec can be done in the
sedimentation cylinder. thus eliminating the need for truasferring the
slurry. When the sir-dispersion tube is used it shall be 30 indicated in
the report

Nott 5—Water may condense in gir lines when sot in use. This
water must be removed. either by using a water trap ot the air line, or by
blowing the water out of the Line before using any of the air for
dispersion purposes.

3.3 Hydrometer—An ASTM hydrometer, graduated to
read in either specific gravity of the suspension or grams per
litre of suspension, and conforming to the requirements for
hydrometers 151H or 152H in Specifications E 100. Dimen-
sions of both hydrometers are the same, the scale being the
only item of difference.

3.4 Sedimemation Cylinder—A glass cylinder essentially
18 in. (457 mm) in height and 24 in. (63.5 mm) in diameter,
and marked for a volume of 1000 mL. The inside diameter
shall be such that the 1000-mL mark is 36 = 2 cm from the
botiomn on the inside.

3.5 Thermometer—A thermometer
(0.5°C).

3.6 Sieves—A senies of sieves, of square-mesh woven-wire
cloth, conforming to the requirements of Specification E 11.
A full set of sieves includes the following (Note 6):

accurate to I'F

f Deiled working dramings for this cup are available at 3 nominal comt from
the Amencas Sooety for Tesung and Matenais. 1916 Race St Philadelpha. PA
19103 Order Adjunct No. 12404220-00.

.. ’ .,-.*9 [ MU
R Bt bt LECRES



i @ baz2

/e

LY Lne.1s ow ces0009°
Chrome Pigted
Punch
0.203° $oo0*
(o) tb)
Mevic Equiveione
n ©0.001 0.049 020 w ™
mn 0.0 124 $.18 127 "0
; FG. 1 Detal of Stiring Paddies
i
3in. (75%-mm) No. 10 (2.00-mm)
2-in. (50-mm) No. 20 (350-um)
Jomin. (37.5mm) No. 40 (425-um)
lein. (25.6-mm) No. 60 (250-um)
Y%-in. (19.0-mm) Neo. 140 (106-um)
Win. (9.5mm) No. 200 (7$um)
No. ¢ (4.75-mm)
NoTe 6—~A set of sieves giving uniform spacing of points for the
graph. as required in Secuon 17, may be used if desired. This set consists
of the following sieves:
3in (75-mm) No. 16 (1.18-mm)
Ivein. (37.%mm) No. 30 (600-um)
&in. (19.0-mm) No. 50 (300-um)
an (9.5-mm) WNo. 100 {1 50-um)
No. 4 (4 75mm) No. 200 (75-um)
No. 8 (2.3-mm)
3.7 Baer Bath or Consiani-Temperature Room—A
water bath or constant-temperature room for maintaining
the soil suspension at a constant temperature during the
hydrometer analysis. A satisfaciory water tank is an insulated
tank that maintains the temperature of the suspension at a

convenient constant {emperature at or pear 68°F (20°C).
Such a device is illustrated in Fig. 4. In cases where the work
o is performed in a room at an automatically controlied
constant temperature, the water bath is not pecessary.

3.8 Beaker—A beaker of 250-mL capacity.

3.9 Timing Device—A waich or clock with a second
hand.

4. Dispersing Agent

4.1 A solution of sodium hexametaphosphate (sometimes
called sodium metaphosphate) shall be used in distilled or
demineralized water, at the rate of 40 g of sodium
bexametaphosphate/litre of solution (Note 7).

Nott 7T—Solutions of this st if acidic, slowly revert or bydrolyze
back 10 the orthophosphate form with a resuhant decrease in dispersive
action. Solutions should be prepared frequeatly (st least once 8 moath)
or adjusted to pH of § or 9 by means of sodium carbonate. Bottles
containing solutions should have the date of preparation marked on
them.

: 4.2 All water used shall be either distilled or
i demineralized water. The water for a hydrometer test shall

~

n 1.3 26 378
mm 3 [ 3 952
F1G. 2 Dispersion Cups of Apparatus

be brought to the temperature that is expected 10 prevail
during the hydrometer test. For example, if the sedimenta-
tion cylinder is to be placed in the water bath, the distilled or
demineralized water to be used shall be brought to the
temperature of the controlled water bath; or, if the sedimen-
tation cylinder is used in a room with controlled tempera-
ture, the water for the test shall be at the temperature of the
room. The basic temperature for the hydrometer test is 68°F
(20°C). Small variations of temperature do not introduce
differences that are of practical significance and do mot
prevent the use of corrections derived as prescribed.
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*S. Test Sample

S.1 Prepare the test sample for mechanical analysis as
outlined in Practice D 42]1. During the preparation proce-
dure the sample is divided into two portions. One portion
contains only particles retained on the No. 10 (2.00-mm)
sieve while the other portion contains only particles passing
the No. 10 sieve. The mass of air-dnied soil selected for
purpose of tests, as prescribed in Practice D 421, shall be
sfficient to yield quantities for mechanical analysis as
follows:

5.1.1 The size of the portion retained on the No. 10 sieve
shall depend on the maximum size of particle, according to
the following schedule:

Nominal Daameter of

Larges: Panucies Approumsie Minimum
1Im (mm) Mas of Poruon. g
W (9.5 500
¥ (19.0) 1000
1 Q5a 2000
VA (38 1) 3000
2 (808 4000
3 (76 $00C

5.1.2 The size of the portion passing the No. 10 sieve shall
be approximately 115 g for sandy soils and approximately 65
g for silt and clay soils.

5.2 Provision is made in Section 5 of Practice D 421 for
weighing of the air-dry soil selected for purpose of tests, the
separation of the soil on the No. 10 sieve by dry-sieving and
washing, and the weighing of the washed and dried fraction
reained on the No. 10 sieve. From these two masses the
percentages retained and passing the No. 10 sieve can be
calculated in accordance with 12.1.

NOTE 8—A check on the mass values and the thoroughnes of
pulverizatioo of the clods may be secured by weighing the portion
passing the No. 10 sieve and adding this value 10 the mass of the washed
and oven<dned poruon retained on the No. 10 seve.

SIEVE ANALYSIS OF PORTION RETAINED ON NO. 10
(2.00-;mm) SIEVE
6. Procedure

6.1 Scparate the portion retained on the No. 10 (2.00-
mm) sieve into a series of fractions using the 3-in. (75-mm),

89
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FIG. 4 Insulsted Water Bath

2-in. (50-mm), 1¥%-in. (37.5-mm), l-in. (25.0-mm). ¥%-in.
(19.0-mm), %-in. (9.5-mm), No. 4 (4.75-mm), and No. 10
sieves, or as many as may be needed depending on the
sample, or upon the specifications for the material under
test.

6.2 Conduct the sieving operation by means of a lateral
and vertical motion of the sieve, accompanied by a jaming
action in order to keep the sample moving continuously over
the surface of the sieve. In no case turn or manipulate
fragments in the sample through the sieve by hand. Continue
sieving until not more than | mass % of the residuc on a
sieve passes that sieve during | min of sieving. When
mechanical sieving is used, test the thoroughness of sieving
by using the hand method of sieving as described above.

6.3 Determine the mass of each fraction on a balance
conforming 10 the requirements of 3.1. At the end of
weighing, the sum of the masses retained on all the sieves
used should equal closely the original mass of the quantity
sieved.
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HYDROMETER AND SIEVE ANALYSIS OF PORTION
PASSING THE NO. 10 (2.00-;m) SIEVE

7. Determination of Composite Correction for Hydrometer
Reading

7.1 Equations for percentages of soil remaining in suspen-
sion, as given in 14.3, are based on the use of distilled or
demineralized water. A dispersing agent is used in the water,
however. and the specific gravity of the resulting liquid is
appreciably greater than that of distilied or demineralized
water.

7.1.1 Both soil hydrometers are calibrated at 68°F (20°C),
and variations in temperature from this standard tempera-
ture produce inaccuracies in the actual hydrometer readings.
The amount of the inaccuracy increases as the vanation
from the standard temperature increases.

7.1.2 Hydrometers are graduated by the manufacturer to
be read at the botiom of the meniscus formed by the liquid
on the stem. Since it is not possible to secure readings of soil
suspensions at the bottomn of the meniscus, readings must be
taken at the top and a correction applied.

7.1.3 The net amount of the corrections for the three
fterns enumerated is designated as the composite correction,
and may be determined experimentally.

7.2 For convenience, a graph or table of composite
corrections for a series of {° temperature differences for the
range of expecied test temperatures may be prepared and
used as needed. Measurement of the composite corrections
may be made a1t two temperatures spanning the range of
expected 1est temperatures, and corrections for the interme-
diate temperatures calculated assuming a siraight-line rela-
tionship berween the rwo observed values.

7.3 Prepare 1000 mL of liquid composed of distilled or
demineralized water and dispersing agent in the same
proportion as will prevail in the sedimentation (hydrometer)
test. Place the hquid in a2 sedimentauon cyclinder and the
cylinder in the constani-temperature water bath, set for one
of the two temperatures 10 be used. When the temperature of
the liquid becomes constant, insert the hydrometer, and,
afier a short interval to permit the hvdrometer (o come 1o the
temperature of the liquid, read the hydrometer at the 10p of
the meniscus formed on the stem. For hydrometer 151H the
composite correction is the diflference betweern this reading
and one: for hvdrometer 152H it is the difference between
the reading and zero. Bring the liquid and the hydrometer 10
the other temperature to be used. and secure the composite
correction as before.

8. Hjygroscopic Moisture

8.1 When the sample is weighed for the hydrometer test,
weigh out an auxiliary portion of from 1010 15 g in a small
metal or glass container, dry the sample 10 a constant mass in
an oven a1 230 = 9°F (110 = 5°C), and weigh again. Record
the masses.

9. Dispersion of Soil Sample

9.1 When the soil is mosily of the clay and silt sizes, weigh
out a sample of air-dry soil of approximately 50 g. When the
soil 1s mostly sand the sample should be approximately 100

&
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9.2 Place the sample in the 250-mL beaker and cover with
125 ml of sodium bexametaphosphate solution (40 g/L).
Stir until the s0il is thoroughly wented. Allow to soak for at
feast 16 h.

haknmwthemﬂ&wuonwpsbownmﬁ;
washing any residue from the beaker into the cup
distilied or demineralized water (Note 9). Add distilled or
demineralized water, if necessary, so that the cup is more
than half full. Stir for a period of | min.

NoOTE 9-—A larpe size syringe is 2 coovenient device for handling the
water in the washing operation. Other devices include the wash-water
mm.m'&m»aukmmadwnmm&ﬁndm

9.4 If stirring apparatus B (Fig. 3) is used, remove the .
cover cap and connect the cup toaeomptused ursupplyby

s

valve 5o that the gage indicates | psi(?k?a)
10). Transfer the soil - water glurry from the baker the
gir-jet dispersion cup by washing with distilled or
demineralized water. Add distilled or demineralized water, if
pecessary, 30 that the total volume in the cup is 250 mL., but
DO moore.

- ey e

NoTE 10—The initia) air pressure of | ps is required 10 prevent the
soil - water mixture from entening the air-jet chamber when the mixture
is transferred to the dispersion cup.

9.5 Place the cover cap op the cup and open the air :
control valve until the gage pressure is 20 psi (140 kPa). .
Disperse the soil according to the following schedule:

Dapernon Penoc.
Plasucity lades sun
Under § -]
6120 10
Over 20 18

Soils containing large percentages of mica need be dispersed
for only 1 min. Afier the dispersion penod. reduce the gage
pressure 10 | psi preparatory 10 transfer of soil - water slurry
to the sedimentation cylinder.

10. Hydrometer Test

10.1 Immediately afier dispersion. transfer the soil - water
slurry to the glass sedimentation cylinder. and add distilled
or demineralized water until the total volume is 1000 mL. ;

10.2 Using the palm of the hand over the open end of the
cylinder {(or a rubber stopper in the open end), turp the
cylinder upside down and back for a period of | min w0
complete the agitation of the slurry (Note 11). At the end of
] min se! the cylinder in a convenient Jocation and take
hydrometer readings st the following intervals of time
(measured from the beginning of sedimentation), or as many
as may be nceded, depending on the sampie or the specifice
tion for the material under test: 2, §, 15, 30, 60, 250, and
1440 min. If the controlled water bath is used. the sedimer-
tation cylinder should be placed in the bath between the 2-
and 5-min readings.

e A i o LN

NOTE 11—The number of tums during this minute should be
approximately 60. counting the turn upside down and back as two turms
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Asy soil remaining in the bottom of the cylinder during the first few
turns should be loosened by vigorous shalong of the cylinder while it is
i the inveniad position.

10.3 When it is desired to take a hydrometer reading,
aarefully insert the hydrometer about 20 10 25 s before the
reading is due 10 approximately the depth it will have when
the reading is taken. As soon as the reading is taken, carefully
remove the hydrometer and place it with a spinning motion
in s graduate of clean distilled or demineralized water.

Nore 12—} is important t0 remove the bydrometer immedistely
sher each reading Readings shall be taken a1 the top of the meniscus
formed by the suspension around the stem. since it is Bot pomidle 1o
secure readings st the botiom of the meniscus.

10.4 Afier each reading, take the temperature of the
suspension by inserting the thermometer into the suspen-
son.

11. Sieve Anmalysis

11.1 Afier uaking the final hydrometer reading, transfer
the suspension t0 a No. 200 (75-um) sieve and wash with tap
water until the wash water is clear. Transfer the material on
the No. 200 sieve 10 2 suitable container, dry in an oven at
230 = 9°F (110 = 5°C) and make a sieve analysis of the
portion retained. using as many sieves as desired, or required
for the material, or upon the specification of the material
under test.

CALCULATIONS AND REPORT

12. Sieve Analysis Values for the Portion Coarser than the
No. 10 (2.00-mm) Sieve

12.1 Calculate the percentage passing the No. 10 sieve by
dividing the mass passing the No. 10 sieve by the mass of soil
oniginally split on the No. 10 sieve, and multiplying the result
by 100. To obtain the mass passing the No. 10 sieve, subtract
the mass retained on the No. 10 sieve from the onginal mass.

12.2 To secure the 10tal mass of soil passing the No. 4
(4.75-mm) sieve, add to the mass of the material passing the
No. 10 sieve the mass of the fraction passing the No. 4 sieve
and retained on the No. 10 sieve. To secure the total mass of
soi} passing the %-in. (9.5-mm) sieve, add 10 the 10tal mass of
soil passing the No. 4 sieve, the mass of the fraction passing
the %-in. sieve and retained on the No. 4 sieve. For the
remaining sieves, continue the calculations in the same
manner.

§2.3 To determine the total percentage passing for each
sieve, divide the total mass passing (see 12.2) by the toal
mass of sample and multiply the result by 100.

13. Hygroscopic Moisture Correction Factor

13.] The hydroscopic moisture correction factor is the
ratio between the mass of the oven-dried sample and the
air-dry mass before drying. It is a number less than one,
except when there is no hygroscopic moisture.

14. Percentages of Soil in Suspension

14.1 Calculate the oven-dry mass of soil used in the
bydrometer analysis by multiplying the air-dry mass by the
bygroscopic moisture correction factor.

9l

TABLE 1 vmumrm...ummm
Gravities of Sol Partivies*
Specifc Gravity Correcuon Factor 4
295 0.4
290 095
288 0.96
280 0y
2715 09e
L 099
285 100
280 1.01
255 102
250 10
248 1.08

‘h_hmbmdﬂmnmmm
Myoomewr 182+,

14.2 Calculate the mass of a total sample represented by
the mass of s0il used in the bydrometer test, by dividing the
oven-dry mass used by the percentage passing the No. 10
(2.00-mm) sieve, and muhiplying the result by 100. This
value is the weight W ip the equation for percentage
remaining in suspension.

14.3 The percentage of soil remaining in suspension st the
level at which the bydrometer is measuring the density of the
suspension may be calculated as follows (Note 13) For
hydrometer 151H:

P = [(100 000/B") x G/G = G,)XR - G,)

NoOTE 13—The bracketed portion of the equation for bydrometer
151H is constant for a senies of readings and may be caiculated firm and
then muhtiplied by the portion in the parentheses.

For hydrometer 152H:
P = (Ra/W) x 100

where:
a = comrection faction to be applied to the reading of
hydrometer 152H. (Values shown on the scale are
computed using a specific gravity of 2.65. Correction
faciors are given in Table 1),
percentage of soil remaining in suspension at the level
at which the hydrometer measures the density of the
suspension,
hydrometer reading with composite correction ap-
plied (Section 7),
oven-dry mass of soil in a total test sample repre-
sented by mass of soil dispersed (see 14.2), 8.
specific gravity of the soil particles, and
specific gravity of the liquid in which soil particles are
suspended. Use numerical value of one in both
instances in the equation. In the first instance any
possible variation produces no significant effect, and
in the second instance, the composite correction for R
is based on a value of one for G,.
15. Diameter of Soil Particles

15.1 The diameter of a particle corresponding to the
percentage indicated by a given hydrometer reading shall be
calculated according to Stokes' law (Note 14), on the basis
that a particle of this diameter was at the surface of the
suspensiop at the beginning of sedimentation and had settled
1o the level at which the bydrometer is measuring the density
of the suspension. According 10 Stokes' law:

D = /{30n/98XG - G,)} x L/T

c»cu;;»
[ I I |
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where:

D = diameter of particle, mm,

n = coefficient of viscosity of the suspending medium (in
this case water) in poises (vanies with changes in
temperature of the suspending medium),

1l = distance from the surface of the suspension to the
Jevel at which the density of the suspension is being
measured, cm. (For a given hydrometer and sedimen-
tation cylinder, values vary according to the hydrom-
eter readings. This distance is known as effective
depth (Table 2)),

T = interval of time from beginning of sedimentation 10
the taking of the reading min.,

G = specific gravity of soil particles, and

G, = specific gravity (relative density) of suspending me-
dium (value may be used as 1.000 for all practical

'purposes).

Nott 146—Since Siokes' law considers the termina) velocity of »
single spbere falling in an infiniry of liquid, the sizes caleulated represent
the diameter of spheres that wouid fall at the same rate as the soil
particles.

15.2 For convenience in calculations the above equation
may be written as follows:

D= XJI/T

where:

K = copstant depending on the temperature of the suspen-
sion and the specific gravity of the soil particles. Values
of X for a range of temperatures and specific gravities
are given in Table 3. The value of X does not change for
a series of readings constituting a test, while values of L
and T do vary.

15.3 Values of D may be computed with sufficient accu-
racy, using an ordinary 10-in. slide rule.

NoTE 15—The value of L is divided by 7 using the 4- and B-acales,
the square 1001 being indicated oo the D-scale. Without ascertaining the
value of the square oot it may be multiplied by K, using either the C. or
Clscale.

16. Sieve Analysis Values for Portion Finer than No. 10
(2.00-mm) Sieve

16.1 Calculation of percentages passing the various sieves
used in sieving the portion of the sample from the hydrom-
eter test involves several steps. The first step is to calculate
the mass of the fraction that would have been retained on the
No. 10 sieve had it not been removed. This mass is equal to
the total percentage retained on the No. 10 sieve (100 minus
total percentage passing) times the mass of the total sample
represented by the mass of soil used (as calculated in 14.2),
and the result divided by 100.

16.2 Calculate next the total mass passing the No. 200
sieve. Add together the fractional masses retained oo all the
sieves, including the No. 10 sieve, and subtract this sum from
the mass of the total sample (as calculated in 14.2).

16.3 Calculate next the total masses passing each of the
other sieves, in a manner similar to that given in 12.2.

16.4 Calculate last the total percentages passing by di-
viding the total mass passing (as calculated in 16.3) by the
total mass of sample (as calculated in 14.2), and multiply the
result by 100.
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TABLE 2 Values of Eftective Depth Based on Hydrometer and
Sedimentation Cylinder of Specified Sizes*

Mycromewr 152+

Reacng Lom L.oom e ] L.om
1.000 [ & (] 1% N 12
1.001 1%.0 ] "’ - 1.1
1002 % 2 "o <] 109
1003 %S 3 %8 L] %07
1004 1982 4 1% t ) 0s
1.005 18.0 $ 135
1.006 147 ¢ 133 % 104
1.007 1“4 ? 152 14 102
1008 "2 ] 3.0 » 10.1
1.009 139 ] “s » 1 J ]
1.00 37 10 "7 40 [ XJ
1011 134 " s '] { 1]
1012 131 A H 103 42 [ X}
1.013 129 13 1“2 Q 82
1004 128 1 4.0 o [ R}
1015 1223 135 138 45 | & ]
1018 121 186 0? L] s
1017 118 ” 135 7 s
.08 "s 1. 133 48 84
1019 13 19 132 49 [ 5]
1020 "o 20 130 $0 81
1.0 0.7 n 129 $ 79
102 108 2 127 52 78
1.023 102 3 128 83 78
1.024 10.0 24 124 4 74
1025 7 25 122 85 k2
1026 04 .3 12.0 88 79
107 92 b 44 119 24 70
1.028 89 8 "7 88 (3 ]
1029 86 2 1.8 ) [ ¥
1.0 84 X 14 ] [ &)
1.031 81
1.032 18
1033 76
1.004 73
1.035 10
1.036 [ X}

1087 [ X1
1.038 2

4 Vaiuss of effectve Gepth are CaASISC rom The equaton
Leol,* Wi, - (Vo)
where:
{ = effectve depth. om,
L, = dstance siong the stem of the hydrometer from the 100 of e Ul ©© T
merk for § hydrometer readng oM.
Ly = oversl iength of the hyarameter Dub. om,
Ve = vouume of hycrometsr buld. om’. and
A = TUS-5chONE e Of sackmentaton Cyinder, om?
Vauss used in caicuiating the vaiuss n Tatie 2 are 83 folows
For Dol hydrometers. 151H ang 152
iy = ¥0om
V. .ﬂbﬁ’
A oTlsor?
For hyaromews 151H.
L, = 105 om for s resding of 1.000
= 23 om for » reading of 1.031
Fox hyrometer 1520
Ly = 0.5 om for a reading of 0 gAve
= 2.3 om for 8 reading of 50 gAre

17. Graph
17.1 When the hydrometer analysis is performed. a graph

}

i
1
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TABLE 3 Vaiuss of K for Use in Equetion for Computing Diameter of Paricie in Hydrometer Anslysis

Terrperature, Speciic Gravey of Sof Parscies
. < 245 280 288 280 285 270 275 280 288
18 0.01510 0.0150% 0.01481 0.01487 0.01435 0.0v4v4 00194 8034 01388
17 0.01511 001408 0.01482 00e 001417 001388 am3re 0.0135¢ [ Y..1.7]
1 0.01452 0.01487 0.01443 0.01421 0.0139% 001378 0.01389 0.013% oms2
1% 0.01474 0.0va49 0.01425 C.0es 001382 0.01381 001342 01323 0.01308
20 0.01456 £.01431 0.01408 0.01306 001385 0.01344 anes e 0.01300
2 001438 00144 00131 001300 001348 001328 0.013% a0 anars
z 0.01421 0.01397 001374 0.01383 onx2 0.0312 012 s sn2se
2 0.01404 0.01381 0.01358 00337 o7 0.01297 Yt 0.012¢1 0.01263
2 0.01388 0.013¢5 0.01342 001821 0.01301 o.01282 001204 001246 oz
= 0.01372 0.01249 001327 0.01306 001208 0.012¢7 801249 omzs2 cos
2¢ 0.01357 0.0134 001312 o (Y b, 0.01253 oS (Y ol 001201
o 0.01342 0.01318 0.01297 eot2r7 o0o25e 0.012% 0.01221 0.01204 0.01188
n 0.01327 0.01304 0.01283 0.01284 001244 001288 0.01208 .ot 001178
» 0.01312 0.012% 001209 0.01249 0.012% 212 001188 PY LY ] 00182
0 0.01298 001276 0.01256 026 o017 0.0119% a0 001185 0.01149

of the test results shall be made, plotting the diameters of the
particies on a logarithmic scale as the abscissa and the
percentages smaller thap the corresponding diameters to an
arithmetic scale as the ordinate. When the bydrometer
analysis is not made on 2 portion of the soil, the preparation
of the graph is optional, since values may be secured directly
from tabulaied data.

18. Report

18.1 The repon shall include the following:

18.1.1 Maximum size of particies.

18.1.2 Percentage passing (or retained on) each sieve,
which may be tabulated or presenied by plotting on a graph
(Note 16),

18.1.3 Description of sand and gravel particles:

18.1.3.1 Shape—rounded or angular,

18.1.3.2 Hardness—hard and durable, sofi, or weathered
and friable,

18.1.4 Specific gravity, if upusually high or low,

18.1.5 Anv difficulty in dispersing the fraction passing the
No. 10 (2.00-mm) sieve, indicating any change in type and
amount of dispersing agent, and

18.1.6 The dispersion device used and the length of the
dispersion period.

NOTE 16—~This tabulation of grapb represents the gradation of the
mmple 1ested. If particles larger thas those contained in the sarnple were
removed before testing. the repont shall 30 sate giving the amount and
DaAumuUm uze.

18.2 For matenials tested for compliance with definite
specifications, the fractions called for in such specifications
shall be reported. The fractions smaller than the No. 10 sieve
shall be read from the graphb.

18.3 For materials for which compliance with definite
specifications is not indicated and when the soil is composed

almost entirely of particles passing the No. 4 (4.75-mm)

sieve, the results read from the graph may be reported as

follows:

(J) Gravel, passing 3-is. and rewained oa No. 4 sieve

(2) Sand pasming No. 4 sieve and retained on No. 300 seve
(@) Coarxe mod, paming No. 4 sewe and renined oo

No. 10 seve
(b) Mediure mnd pusming No. 10 sieve and renined oz ........... ®
No. 40 seve
(c) Fine mad pamsing No. 40 seve and reatned0a No. ........... %
00 seve
(3) Shee 004005 ..., ®
(¢) Qaysize mnalerthan 000S @8 ........... %
Collowds. smaller thas 000/ ®m® @ ...........

18.4 For materials for which compliance with definite
specifications is not indicated and when the soil coptains
material retained on the No. 4 sieve sufficient to require a
sieve apalysis op that portion, the resuls may be reported as
foliows (Note 17):

SIEVE ANALYSIS

Sieve Sz
3in.
24in.
1¥-in.
1-in.
Hmin.
Wein.
No. 4 (4.75%-mm)
No. 10 (2.00-mm)
No. €0 (€25-um)
No. 200 (M5-um)

HYDROMETER ANALYSIS

0.07% o>
0.005 mm
0.001 mm

Notr 17—No. 8 (2.36-mm) and No. 50 (300-um) sieves may be
substituted for No. 10 and No. 40 sieves.

The American Socisty Kr Testing anc’ Material fakes 1o poshion respecting the validy of any patent rights asserted in conrection
with any fem mentioned it tha standerd Users of this SIancard ore ezpretsly advised thet determingtion of the veliiiRy of any ach
patent noits, and the risk of infringermert of such rights, &re ertirsly ther own resporalbily.

This standard s subject 10 revision & any time Dy the respora/tle fechnical commilfes and must be reviewsd every five yeers and
¥ nat revisec. ellher realoroved o wiharawn. Your COMMents &e ivied elther Koy revison of Ihis stendard o for sddMons) stancerds
and shauid be #00ressed 1o ASTI Hesdguariers Your comments wil receive carels corsideration & § mestng o the resporsibie

tocANCa COMMRIes. wheh you may aftend I you

fool that your COMMENTS Ave nol recewved & fax Peanng you Should maxs your

views known 1o the ASTM Commites on Stancarcs, 1978 Race 1., Philsceiphia, PA 19103.
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45“) Designation: D 854 - 83

Standard Test Method for
Specific Gravity of Soils’

This standard is imued under the Baad demignsucs D §54: the sumber immadiately following the designation indicates the vear of
ongnal adoprion of. 1n the case of revinon. the year of lagt revimon. A sumber in parenthenss indicaies the year of lasm rspproval. A
supencnpt epslon (o) indicates an ediional change mace the lag revison or reapproval.

1. Scope

1.1 This test method covers determination of the specific
gravity of soils by means of a pycnometer. When the soil is
composed of particles larger than the No. 4 (4.75-mm) sieve,
the method outlined in Test Method C 127 shall be followed.
When the s0il is composed of particles both larger and smaller
than the No. 4 sieve, the sample shall be separated on the
No. 4 sieve and the appropriate test method used on each
portion. The specific gravity value for the soil shall be the
weighted average of the two values (Note 1). When the specific
gravity value is to be used in calculations in connection with
the hydrometer portion of Method D 422, it is intended that
the specific gravity test be made on that portion of the soil
which passes the No. 10 (2.00-mm) sieve.

Note |—The weighted average specific graviry should be alculated
using the following equauon:

—_t
R R P,
100G, 100G:

G.q =

G,, = weighted average specific gravity of soils composed of
particles larger and smaller than the No. 4 (4.75-mm)
sieve,

R, = percent of soil particles retained on the No. 4 sieve,

P, = percent of soil particles passing the No. 4 sieve,

G. = apparent specific gravity of soil panicles retained on
the No. 4 sieve as determined by Test Method C 127,
and

G: = specific gravity of soil particles passing the No. 4 sieve
as determined by this test method.

1.2 The values stated in acceptabie metric units are to be
regarded as the standard.

1.3 This srandard may involve hazardous maierials, oper-
ations, and equipmeni. This standard does not purport to
address all of the safery problems associated with its use. It is
the responsibility of whoever uses this standard io consult and
esiablish appropriate safety and health practices and deter-
mine the applicability of regulatory limitations prior 1o use.

' This test method is under the jurisdiction of ASTM Comminee D-13 os Soil
and Rock and 18 the direct responsibility of Subcomminee D18.03 oo Texture.
Plasicity, and Density Characienisucs of Soils.

Current edition approved Nov. 28, 1981, Published Januany 1984. Onginally
tssued as D 884 - 44 Lag previous ediuon D 854 - 58 (1979).

2. Referenced Documents

2.1 ASTM Siandards:

C 127 Test Method for Specific Gravity and Absorption of
Coarse Agpregate’

€ 670 Practice for Preparing Precision Smements for Test
Methods for Construction Materials®

D 422 Method for Particle-Size Analysis of Soils®

E 12 Definitions of Terms Relating to Density and Specific
Gravity of Solids, Liquids, and Gases*

3. Definition

3.1 specific gravitv—the ratio of the mass of 3 unit volume
of a material a1 3 stated temperature 10 the mass in air of the
same volume of gas-free distilied water a1 a stated temperature
(per Definitions E 12).

4. Significance and Use

4.1 The specific gravity of a soil is used in almost every
equation expressing the phase relationship of air, water, and
solids in a given volume of material.

4.2 The term “solid particles.” as used in powchmal
engineering. is typically assumed 10 mean naturally occurring
mineral particles that are not very soluble in water. Therefore,
the specific gravity of materials containing extraneous matter
(such as cement, lime, etc.), water-soluble matier (such as
sodium chlonde), and soils containing matter with a specific
gravity of less than one, typically require special treatment or
a qualified definition of specific gravity.

5. Apparatus

5.1 Pycnomerer—Either a volumetric flask having a capec.
ity of at least 100 mL or a stoppered bottle having a capacity
of at least 50 mL (Note 2). The stopper shall be of the same
material as the bottle, and of such size and shape that it can
be easily inserted 10 2 fixed depth in the neck of the borte.
and shall have a small hole through its center 10 permit the
emission of air and surplus water.

Nott 2—The use of either the volumenc flask or the stoppered bortle
is a maner of individual preference, but ip general. the flask should be
wsed when 3 larger sampie thas can be used in the stoppered botie &
peeded due 10 maximum grain size of the sample.

? Annua! Book of ASTM Standards. Vol 04.02
? Annual Book of 4STM Siandards, Vol 04.08
® Annual Book of ASTM Standards. Vol 15.0%
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8.2 Balance—Either a balance sensitive 10 0.01 g for use
with the volumetric flask, or a balance sensitive 10 0.001 g
for use with the stoppered bottle.

6. Calidration of Pycoometer

6.1 The pycnometer shall be cleaned, dried, weighed, and
the weight recorded. The pycnometer shall be filled with
distilled water (Note 3) essentially at room temperature. The
weight of the pycnometer and water. B, shall be determined
and recorded. A thermometer shall be inserted in the water
and its temperature T, determined to the nearest whole de-
gree.

NoOTE 3-=Kerosine is 3 betier wetting agent thas waier for mon s0ils
snd may be used in place of distilled water for oven-dried sampies.

6.2 From the weight H, determined at the observed tem-
perature 7, a table of values of weights B, shall be prepared
for a series of wemperatures that are likely 1o prevail when
weights H', are determined later (Note 4). These values of W,
shall be calculated as follows:

B, (a1 T,) = (density of water st T,/density of water at 7))
X (RatT) = Wp+ W,

where:

H, = weight of pycnometer and water, g

K, = weight of pycnometer, g.

T, = observed temperature of water, *C, and
7. = any other desired temperature, * C.

NoOTE 4—This method provides a procedure that is most convenient
for aboratonies making man»y determinations with the ame pycnometer.
hisequally applicadle 10 a single determination. Bringing the pvcoometer
and contents 10 some designated iemperature when weights K, and W),
are taken. requires considerable time. It is much more convenient 1o
prepare a table of weights B, for various temperstures likely to prevail
when weights H', are taken. It is imporunt that weights B, and W, be
tesed on water a1 the same temperature. Values for the relative density
of water at iemperatures from 18 10 30°C are given in Table 1.

7. Sampling

7.1 The soil 10 be used in specific gravity test may contain
fts natural moisture or be oven-dried. The weight of the test
sample on an oven-dry basis shall be at Jeast 25 g when the
volumetric flask is 1o be used, and at least 10 g when the
sloppered bottie is to be used.

1.2 Samples Containing Natural Moisture—When the
sample contains its natural moisture, the weight of the soil,

TABLE 1 Relative Density of Water and Conversion Factor K For

Various Temperatures
Terpersture. Relatve Derwsty Correction
o of Water Facior X
18 0.9986244 1.0004
19 0.9984247 1.0002
o] 0.9982343 1.0000
4 0.9980233 0.9998
- 09978019 0.9996
b ] 09975702 0.9993
2¢ 0.9973206 0.9991
25 0.9970770 0.998%
26 0.9968156 0.9986
44 09965451 0.9983
28 0 9962652 0.998C
o) 0 9958761 0877
ko] 0 9956780 09974
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W,. op an oven-dry basis shall be determined at the end of
the test by evaporating the water in an oven maintained at
230 £9°F (110 25°C) (Note 5). Samples of clay soils contain-
ing their natural moisture content shall be dispersed in dis-
tilled water before placing in the flask, using the dispersing
equipment specified in Method D 422 (Note 6).

1.3 Oven-Dried Samples—Whep an oven<dried sample is
10 be used, the sample shall be dried for at Jeast 12 b, or to
constant weight, in an oven maintained at 230 £9°F (110 =
$°C) (Note S), cooled in a desiccator, and weighed upon
removal from the desiccator. The sample shall then be soaked
in distilled water for at least 12 b.

Not: $—Drying of certain soils at 110°C may bring about los of
moisture of composition or bydration, and in such cases drying shall be
done, if desired, in reduced air pressure and at a lower wempersture.

NoTE 6—~The minimum volume of slurry that cao be prepared by the
dispersing equipment specified in Method D 422 s such that 3 500-mL
flask is needed as the pycoometer.

8. Procedure

8.1 Place the sample in the pycnometer, taking care pot to
Jose any of the soil in case the weight of the sample has been
determined. Add distilled water 10 fill the volumetric fiask
aﬁ;bl?m three-fourths full or the stoppered bottle about balf

8.2 Remove entrapped air by either of the following meth-
ods: (/) subject the contents 1o a partial vacuum (air pressure
not exceeding 100 mm Hg) or (2) boil gently for at least 10
min while occasionally rolling the pycnometer 10 assist in the
removal of the air. Subject the contents 10 reduced air pressure
either by connecting the pycnometer directly to an aspirator
or vacuum pump, or by use of a bell jar. Some soils boil
violently when subjected to reduced air pressure. It will be
pecessary in those cases to reduce the air pressure at a siower
rate or 10 use a larger flask. Cool samples that are beated 10
FOOm lemperature.

8.3 Fill the pyvcnometer with distilled water, clean the
outside and dry with a clean, dry cloth. Determine the weight
of the pycoometer and contents, ¥, and the temperature in
degrees Celsius, T, of the contents as described in Section 6.

'

9. Calculation and Report

9.1 Calculate the specific gravity of the soil, based on water
at a temperature 7, as follows:
Specific gravity, 7./T, = B /IR, + (K, - H))]
where: -
B’, = weight of sample of oven-dry soil. g.
W, = weight of pycnometer filled with water at temperature
T.(Note 7), 8.
» = weight of pycnometer filled with water and soil at
temperature 7,, 3. and
7. = temperature of the contents of the pycnometer when
weight W, was determined, ° C.
Note 7—This value shall be taken from the table of values of B,
prepared in accordance with 6.2, for the temperature prevailing when
weight W, was taken.

9.2 Unless otherwise required, specific gravity values re-
ported shall be based on water at 20°C. The value based on

water at 20°C shall be calculaied from the value based on
water at the observed temperature T, as follows:



Specific gravity, 7,/20 C = X x specific gravity, T/7,
where:

K = a pumber found by dividing the relative density of
water at temperature 7, by the relative density of water
at 20°C. Values for a range of temperatures are given
in Table 1.

9.3 When it is desired 10 report the specific gravity value
based on water at 4°C, such 2 specific gravity value may be
calculated by multiplying the specific gravity value at tem-
perature 7, by the relative density of water at temperature

’9.4 When any portion of the original ‘sample of soi is
eliminated ip the preparation of the 1est sarnple, the portion
on which the test has been made shall be reported.

10. Precisios and Bias

10.1 Criteria for judging the acceptability of specific pravity
test results obtained by this test method on material passing

the No. 4 (4.75-mm) sieve are given as follows (Note 8):

. Standard Range of Two Re-
Maserial and Type lader Deviauon* pry of
[~ g
Single-cprraior precision:
Cobaive soibs 0.021 0.06
Noacohesve soils ’ .
Cohasive soils 0.0%6 Q.16
Noacohasive soils ’ »

“ These sumbers repreaenL. respectively. the (1S) gad (D2S) limits as dencribed
ia Pracuice C 670.

'mumwmmfam*uﬁnu
svailabie st the present time.

Ntmt—heﬁuumnmCdmthhemm
that bave been found to be appropriste for the materials described i
Column 1. The figures given is Column 3 are the kmits that should s
be exceeded by the difference berween the results of two properly
conducted tests.

The Americar Socssty Ror Testrg o< Materisls takes no posiion respecting the vailioly of 8y pEIers rigiRs aEsered it Connecton
with any Rern mentoned i this stancerd. Users of the Eanciert are axpressly advised thl determenaion of the velioRy of any such
pEters no/as, and the tisk of infringermant of such FIgNES. are ertirely thesr cwn reeporalbiity.

This stanciert & aityect 1o revisson & &y trme by D reaporaitie echnicel commities ard must be reviewed every ve yeers onc
# N0t rovined, skher reapOroved or withGrawn. Your COMIMSrTs &' wited alther or revion of the Stencart o for sOORIONS SteNaerds
80 SO D cdressec 10 ASTM Hesoquerters. Yo commerns wil recene Carshdl ConOermon & & meating Of e responsitie
WCAYRCE/ COMMiTee. which you mey Send. i you fesl (NGl yOur COMYTIErES heve Nol receved § fsr NERnng you SRS meke your
viows knowr: [o the ASTM Commilttes an Stancercs, 1016 Asce SX., Prieceiphia. PA 19103,
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qs.n) Designation: D 4318 - 84

Standard Test Method for

LIQUID UMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF

SOILS’

Thes sandand & reued under (e faed deugnaies O 6318 the auminy immetasrn afiovnng U Gragaouss indrsia e veur of
SRPAN MOPSA & 18 U (e &f FEYON. 1A ya of LB FVINOR. A RUMEIT 1% SOAARIMIE JAGCME e yair of 08 FeEpprRwL
A WHIMCNR PSR () e 30 FIIONA CRANPE WACE (e IR vt OF NSOl

1. Scope

1.1 This tent method covers the determination
of the liquid hmit plasuc Limit and the plasucity

- index of soils as defined in Section 3.

1.1.1 Two procedures for prepanng tent spec
imens and rwo procedures f{or perforrung the
hiquid limit are prowvded as follows:

A Multipoint test using 3 wet preparstion

procedure. descmbed 1n Secuons 10.4, 1.
ang 12,
2 Multipoint test using 3 éry preparation
procedure, descnbed in Secuons 10.2, 11,
and 12,
C One-point test using 3 wet preparation pro-
cedure. dexcmibed 1n Secuons 1), 14, and
18.
D One.pointtest using 2 dry presanation pro-
cedure. descnbed 13 Secuons 1), 14, and
I8s.
The procedure 10 be used shall be specified by
the requesung suthonty. If no procedure is speec-
ificd, Procegure A shall be used

NoTt 1=Pnor » the adoptios of this iest method.
8 curved gooing 100l was specfied as pant of e
apoaratys for perforroing the Lgud bmit wm The
Curved 100l B MOt Conmdered 10 DL a3 acCurate as the
fla1 100 dmscnowd m 6.2 mace 1t does 8ol control the
deond of the 30d 18 the liquid Umit cup Mowever. there
are ome 831 which inducaie that nyprcally the bauid
bmut 8 sighuy increnasd whea the flal 100l » wasd
ingead of e curved 10ol.

1.1.2 The plasuc Limit test procedure i3 de-
scnbed in Sections 16. 17, and 18. The plasuc
limit est is perfarmed on matenal prepared for
the hiquid bmit test In effect there are two
procedures for prepanng test speamens for the
plasuc bmat wst

1.1.3 The procedure for caleulatiog the plas-
ucity indes i given in Section |9,

12 The biquid limit and plasic limit of soils
{slong with the shrinkage fimit) are often colles-
tively refermad 10 a3 the Anerderg limits in rec-
ognition of their formation by Swedish il -
entist. A. Anertery. These limits disiaguish the
boundanes of the several consinency Rates of
plastic soils.

13 A3 used in this ent method. 01l is any
natural aggregauon of mineral or organic mate.
nals. mixtures of such matenials, or anificial mis.
tures of aggregates and astunal guneral and or-
SANIC pAruCies.

1.4 The mulupoin: liquid limit procedure is
somewhal more ume coasuming than the one-
point procedure when bowh are performed v
expenenced operators. However, the one-point
procedure requires the operstor o judge when
the 1R spreimen is approvimaiely at 18 liguid
Em In cases where this it not done reliably. the
mulipoiat procedure is as fag a3 the one-point
procedure and provides addinonal precinon due
10 the informaton obuined from addiuonal
trals. It is parucularly recommended that the
mulupoint procedure be used by ineapenenced

1.8 Thecorrelations on which the caiculauons
of the one-pount procedure are based may not be
valid for centain soils, such as organic sonls or
swils from 3 manne environment The bquid

'The we smhed 8 sode Sy rataruse of ASTM Com-
wunse 018 es ol sad Rars 2oy 8 B Grect rapeasibry of
Sciromavan 0i11.0) e Tesmurx. Pamanty sad Dunmry Qhar-
anansun of Sl

Curron soross spprvestt Om, 26. 1984 Publoheyd Cometer
1954 Ongrally pusesasd 2 O 6315 « L). Las prv~wows sbusa
DeaXis-4r.
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It of these soils should therefore be deter-
mined by the multipont procedure (Procedure
A).

1.6 The liquid and plasuc limits of many soils
that have been sliowed to dry before tesung may
de conuderably dilfereni from values obuned
on undned samples. If the liquid and plamic
limits of soils are used 1o correlate or animate
the engineening behavior of soils in their astunal
motR fate, ampies should not de permined to
dry before tesung uniem dats on dned ampies
are specrfically desired.

1.7 The compositien and concenuston of
soluble salts in 3 soil sffec the values of the
hauid and plasuc limits as weil a3 the water
content values of soils (see Method D 2216).
Soecial considersuon should therefore de given
t0 soils from 2 manne environment or owher
sources where high soluble sait concentrations
may be present. The degree 10 which the salts
present ia these souls are diluted or concentraiad
must be given connderstion if mesningful results
are 10 be obtuned.

1.3 Siocr the tests descrided herein are per-
formed only on that poruon of 3 oil which passes
the 425-um (No. 40) neve, the relauve contn-
dution of this portion of the sou to the propertes
of the sampie a3 3 whoie munt be conndered
when usiag these tesy 10 evaluate the properues
of a soil.

1.9 The values stated in acceprable metric
unily are 10 be regarded a5 the standard. The
values pven in parentheses are for informauon
onliy,

1.10 This mandard may involve hazardous
maierigls. opergiions. and equipment. This
siandard does ot purpon 10 address all of the
safery probiems essocraied with us use. I is the
responsibility of whoever uses ths siandard 10
consull and euadiish appropnaie safey end
heclh pracices and darermune the appircabiluy
of reguiaiory limuations priev 10 use.

2. Applicabie Decuments

2.t ASTM Standards:

C 702 Methods for Reduaing Freld Samples of
Aggregate to Tesung Site’

D 75 Pracuce for Sampling Aggregates’

D 420 Recommended Pracuce for Investigat.
ing and Sampling Scil and Rock for Eng-
seenng Purposes’

04318

D653 Terms and Symbois Retating 10 Soil
and Rock Mechames®

D 1241 Spearflicaven for Matenais for Soil.
Aggregate Subbase. Base, and Surface
Counas’

D 2216 Method for Laboratory Determination
of Water (Moisture) Content of Sl Rock,
and Soil-Aggregais Mistures®

D 2240 Ten Method for Rubber Propenty—
Duromerer Hardness®

D 2487 Test Method for Clagsification of Soils
for Engineering Purposes’

D 2488 Pracuice for Deascmption and denuf-
cation of Soils (Visual-Msaual Procedure)*

D 3212 Practiee for Qassification of Sous aad
Soi-Aggregate Mixtures for MNighway Coa-
nrucaon Purposss’

E 11 Spscification for Wire-Cloth Sieves for
Teming Purposer’

E 3i9 Meahods of Temting Single-Arm Bak-
ancer®

E §98 Method of Tening Top-Loading Di.
:‘:;R‘udiug Laboratory Scaies and Bal-

3. Deflnitions

3.1 Anerberg limits——originally. seven “limits
of connstency™ of fine-grained soils were defined
by Albert Atierbery. In current enpneenng usage.
the wrm usually refers only 10 Whe hguid hmit
plasue limiL and in some references. the shnnk-
age imit.

32 consisiency-the relative ease with which
8 s2il can be deformed.

3.3 ligud limit (LL}=the water conent in
percest of a sl at the artatranily defined bound-
ary beteeen the higuid and plastic st Thy
water content is defined a3 Uhe water content at
which 2 pat of 20il placed in & sandard cup and
€ut by s groove of randard dimensions will flow
together at the base of the groove for a distance
of 13 mm (% in) when subjected to 25 shoeks
from the cup being dropped 10 mm i1n 2 sandard
liquid Lmit apparaius operssed at a rate of 2
shocks per sscond.

L annual Bomk of ASTN Siandards. Vet 08 Q2.
“;:wudmnm Veis 04 02, 04 0). ang

* Aamval Bovk of ASTV Saanderds. Vel 00 08
! dncug Bosl of ASTN Luanserds. Vel 08 01
* dnnaar Bovk of 4STM Ssanderss Ve 1400
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NOTY 2-=The undruned shear arengin of 303 at the
bQusd hmit » conuceres 10 be 2 202 vP3 (028 pui)

3.4 plasuc limy (PL)—tihe waier content. in
percent of 2 soil at the boundary between the
plastic and dnrue sates The water coatent at
this boundary is the waier content at which a il
" ean no longer be deformed by rolling into )2
mm (‘A 1n.) 12 diameter threads wathoutl erum-
bling.

3.8 plastic soil—a soil which has s range of
water content over which it exhibits plasueny
and which will retan it shape on drying.

3.6 plasticuy index (P}—the range of water
conient over which 3 %0il behaves plasucally.
Numencally, it 5 the difference between the ig-
uid limit and the plastic limit

3.7 liquiduy index—the ratio, expressed as a
percentage. of (/) the natural water content of 3
soil munus iU plasuc limit 1 (2) its plasucity
index.

3.4 aaivity aumber (A)==the ratio of (/) the
plasuaity indez of 2 soil 10 (2) the percent by
weight of paricies having an equivalent diamerer
smaller than 0.002 mm.

4. Symmary of Method

4.) The sampie 13 procenied 10 remove any
matenal rewuned on 3 425um (No. 40) seve.
The hquid limit i dewermined by performing
trals in which 2 poruon of the sampie is spread
in a brass cup. dinded in two by 2 grooving tool,
and then allowed 12 flow togriher from the
shocks caused by repeatedly dropping the cup
3 standard mechanical device. The multipoint
bquid limit Procedures A and B. requires three
or more trials over 2 range of vauer contents W
be performed and the data from the wials plotted
or aalculsted 10 make 3 relatioaship from which
the liquid timit B deiermined The one-pornt
bquid limit Procedures € and D. vaes the dana
from two triais a1 one water costent multiplied
by a correcuon factor w deermune the Liquid
hmit

4.2 The plastic limit is determined by aher-
astely pressing togriher and rolliag isw 8 3.2
mm (% i0.) diameter thread a small pornoa of
plasuc soil until its water coatent is reduced to s
point &t which the thread crumbies and is no
longer able 10 be preued together and rerolied.
The water content of the soul at this mage is
reporied as the plasuc imit
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4.3 The plastiony index is calcuiated as the
difference between the Liquid limit and the plasuc
Lmit

§. Significance and Use

S.1 This wuam method is used 23 an integnal pant
of several enpnerring classfiauon symems 10
chancienae the fine grained fractuions of soils (see
Tent Mathod D 2487 and Pracuce D 3282) and
0 specify the finegruned fracuon of construc.
ton matenials (sex Specification D 1241). The
liquid limit. plasuc imit and plasticity index of
soils are also used exwensively, either individually
or together with other sod properues to correlate
with engineering behavior such as compressibil-
ity. permeability, compactibility, shrink.sweil
and shaar mrength.

32 The liquid and plamic limiu of 2 s0il &an
be used with the aatural water content of the soil
0 apren ity relanve consimency or biquidity
index and can be used with the percentage finer
than 2.4m gize 10 driermine iU actvity nurober.

5.3 The one-point liquid limut procsdure is
frequently used for routine classificauor pur-
poses. When greater pretision i3 required, as
whea used for the acceptance of 3 matenial or for
correlanon with other tent data. the mulupoint
procedure should be used.

$.4 Thet methods are someumes used 10
evalusts the westhenng chancienisucs of clay-
shale materials. When subjected W0 repested wet-
ting and drying cvcies. the liquid limiu of these
matenais tead to increase. The amount of in-
crease is considered to be 3 measure of a ghaie’s
susceptibility 10 weathenng.

5.5 The liquid limit of 3 %0il conuining sub-
santal amounts of organic matier decreases dn-
mascally when the 50il is oven-dned before tem1-
ing. Comparison of the liquid Emit of 3 sample
before and afier oven<drying an sherefore be
waed &3 3 qualisnve measure of organic maner
coatent of a soil. -

&. Apperatus

6.] Liqud Limit Device—A mechanical de-
vice consimting of 3 brass cup susdended from 3
carnage designed o control iu drop onto 3 hard
rubber base. A dnwing showing the euenual
features of the device and the criucal dimennons
is pven in Fig. 1. The dasign of the device may
vary provided thai the emential funcoons are
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preserved. The device may be operated etther by
3 hand crank or by an elecine mowor.

6.1.1 8ase—The base shall be hard rubber
having 3 D Durometer hardness of 80 10 90. and
a resihience such that an §-mm (V.e-1n.) diameter
polished sieel ball. when dropped from a heght
of 25 am (9.3410n.) wll have an sverage rebound
of at least 30 % but no more thas 90 K. The wsts
shall be conductied on the finished base with femt
stuached

6.1.2 Fer—The base shall be supponed by
rubber feet designed 10 provide 1solauon of the
base from the work surface and having an A
Durometer hardnexs no greater than 60 as mea-
sured on the finished feet attached 10 the base.

6.1.3 Cup==The cup shall be brass and havea
weight. inciuding cup hanger. of 18510 215 ¢

6.1.4 Camn=The carn shall ruse the cup
smoothly and conunauously 10 i1t8 maximum
height ever a disance of at least 180° of cam
roation. The preferred care motion is & uni-
formiv accelerated lift curve. The design of the
cam and follower combination snail be such that
there s no upwiard or dewnwurd veloaty of the
cup when the cam follower leaves the aam.

NOTt 1==The aam and follower dempn in Fig. 1 18
for umiformn accrierated (paradoic) motion alter con.
W ING assures LRat the cup ALS NO veiOON) 8L 6rop
oiT. Owner am demgns als0 prowee Lus feature and
mav be used However. if ihe am.foliower LA panem
18 POV kngen. 2270 veiooity at drop off an be assured
by carefully filing or machising the am and follower
30 tRal IMe CuD POIPM rEMAIRS COATANL Over the lar 20
10 45° of @m rowavon.

6.1.8 Carmiage=The cup carriage shall be
conniructed in 3 way that 3llows convenient dut
secure adjunment of he beight of drop of the
cup 10 10 mm (0.394 1n.) The cup hanger shall
be atached to the carnage by means of 3 pin
which allows removal of the cup and cup hanger
for cleaning snd inspecuon.

6.1.6 Opuonal Moior Drive—=As an alterna-
tive 10 the hand crank shown 1n Fig. 1. the dewce
may be equipped with 3 motor to turn the cam.
Such 3 moior must turn the cam at 1 =0.1
revoluuons per second. and must de tsolated
from the rent of the device by rubber mounts or
in some other way that prevents vibration from
the motor being transmutied to the ren of the
apparatus It must be equipped with an ON-OFF
switch and 3 means of conveniently positioning
the cam for heght of drop adjusimens. The
results obtained using 3 motor<dnven device
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must not differ from those oMained using a
manuilly opersied dewice.

6.2 Flas Grooving Tool—A groeving 100! has-
ing dimensions showa 1 Fig 2. The 100l shall
be made of plasuc or noncorroding mewl. The
dengn of the 100l may vary as long s the eusential
dimensions are manuained The 100l may. but
need now incorporsie the gage for adjusung the
height of drop of the liquid limit device.

6.) Gage—A metal gage diock for adjuning
the height of drop of the cup. having the dimen-
nons shown in Fig. ). The design of the 100l ma:
vary provnded the gage will rex securely on the
base without being suscepubie 1o rocking. and
the edge which conwcs the cup dunng adjun.
ment is Rraight 3t least 10 mm (% in.) wide. and
without bevel or radius.

6.4 Contginers—Small corrosion-resistant
conwiners with snug-fitting lids for water content
specimens. Aluminum or sunies sieel aans 2.8
cm (1 in.) high by S em (2 ia) in diameter are
sppropriate.

6.5 Dalance—A balance readadie 10 at leant
0.01 g and having an accuracy of 0.03 g within
three sandard devuations within the range of yse.
Within any | $.g range. 3 difference between read-
ings shall be accurate within 0.01 g (Notes 4 and
5)

NOTt 4-=Sex Mathods E 198 2nd E 319 for an e
plansuon of \erms relaung 10 talance performance.

NOTY S=For fraquent wse. 3 Wp-loading type tal.
ance with 3vtomanc load indicauon. readabie 10 0.01
& and hawing an indes of precynos (ARG deviation)
of 0.00) or better » mom mutable for ths method
However. soraviomac indicsung equal-arm analyu.
€u balancws ang wome small agual 4178 109 man dalances
haviag readainiive and sasrovivae of 0.002 g or better
Pronde e MRWred acTUracY whes uitd with 3 snght
et of ASTM Qam ¢ (Naveasl Burmu of Sundaras
Claus P) or benar. Ordinary commernial and classroom
tYDe BRIAACES SuCh 25 DEA/R DISOCWS AFT 8Ot Juilabie
for thu method.

6.6 Siorape Coniginer—=A conuiner in which
10 store the prepared soil specimen that will not
contaminaie the specImen 1 any way, and which
prevents moisture los. A porcelaa, giask or
plastic dish about 11.4 em (4™ 1) in duameter
and 3 plasiic bag large enough 10 eaciose the dish
and be folded over is adequate.

6.7 Ground Class Plaie—A ground glass plate
st leat 30 em (12 in.) square Oy | em (M)
thick for mizing soil and relling plasuc hmn
threads

6.3 Sparula—=A spatula or prll knife having 2
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biade about 2 cm (% in.) wade by about 10 em
(41n.) long In addition. 3 spatula hawing » blade
about 2.5 em (1 1n.) wide and 15 em (6 1n.) Jong

- has been found useful for imual mining of sam-

pies.

6.9 Sieve—A 20.3 cm (8 in) diameter, €28
um (No. 40) sieve conforming 0 the require-
menu of Specification E |1 and having s nm at
least $ em (2 1n.) above the mesh. A 2-mm (Ne.
10) ueve meeung the same requirements may
also be needed.

6.10 Wash Boule. ot similar conuiner for
adding conirolied amounts of water 10 soil and
washing fines from coarse particies.

6.11 Dning Oven—A thermosatically con-
trolled oven, preferadly of the forced-draht type,
capabie of continuously mainwining 8 tempen.-
wreof 110 =5°C throughout the dmang chamber.
The oven shall be equipped with 3 thermometer
of suitable range and accuracy for monnonng
Oven temperature.

6.12 Wasmag Pan—A round. flai-bonomed
pan at least 7.6 em (3 1n.) deep, slightly larger at
the bottom than 3 20.3-cm (8-in.) diameter sieve.

6.13 Rod (opuonai~—A mewl or plastic red
or tube 1.2 mm (% in.) in diameter and about 10
em (41n.) long for yudging he n2e of plasuc limit
threads.

7. Materials

7.1 A supply of digtilled or demineralized wa-
ter.

§. Sumpling

§.1 Sampies may be uken from any location
that sausfies wsung oeeds However. Methods
C 70 and Pracnee D 75. and Recommended
Pracuce ouomuuuumhs-
lecung s0d preserving mmpias from vanous
types of mmpling cperatons Sampies which will
be prepared using the wet preparsuon procadure,
10.1, must be ke a1 their natural waler cooient
prior 1o prepariuon.

3.2 Where sampling operations have pre-
served the satural ainsfiauon of 8 ampie. the
vanous Rr3 must be kept separated and tems
performed on the parucular stratum of igteren
with as litde eonumisauon as pomible from
other suaa Where 3 muature of maienals will
be used in congruction. combine the vanous
components ta such proporuons that the resuht-
ant sampie represents the actual consirucuon
case.
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§.3 Where daus from thus test method are 10
be used for correlanon with other laborsion or
field test dawa. use the same maienal as used for
these tests where possible

$.4 Odwun 2 representative portion from the
wial ampie sufficient 10 provide 150 10 200 g of
matenal pagsing the 425um (No. 40) ueve. Free
flowing sampies may be reduced by the methods
of quansnng or wplitting. Cobesive mmpies shall
be mised thoroughly in 3 pan with 2 spatula, or
Co0p and & represenialive portion Kooped from
the total mas by making one or more sweeps
with 3 5°00p through the muzed mass.

9. Caltbration of Apparsius

9.1 Inspection of Weer:

9.1.1 Liquid Limit Device—Determine that
the liquid limit device is ciean and in good work-
ing order. The following specific poau should
be checked:

9.1.1.1 Near of Base=The spot o8 the base
where the cup makes conuct should de wom 20
greater than 10 mm (M in) in diamews. If the
wear spot is grester than this the base can be
machioed 10 remove the worn 5ot provided the
resurfacing does not make the base thinner than
speeified in 6.1 and the other dimeanonal rela-
tenships are mainwined.

9.1.12 Wear of Cup—The cup must be re.
placed when the groovisg 100l has worn 3 de-
pression in the cup 0.1 mm (0.004 in.) deep or
when the edge of the cup has been reduced 10
half fu orignal thickness. Venfy that the cup is
firmly anached 10 the cup hanger.

9.1.13 Wear of Cup Manger—Verify that the
€up hanger piver dous oot tand and 13 DOt worn
10 an extent that allows more than J-mm (Wein.)
side-10-ude movement of the lowen point on the
nim,

9.1.1.4 Wegr of Cam=The cam shall not be
wOrn 10 an extent that the cup drops before e
cup hanger (cam follower) loses conuct wmith the
am.

9.12 Grooving Tools=~Inspect grooving 100is
for wear on s frequent and reguiar basis The
npidity of wesr depends on e matena) from
which the 100l is made and the types of souls
being tenied. Sandy soils caum nped wear of
$rooving 100lx: therefore, when wsung these ma-
terials, wools should be inspeciad more frequently
than for other soils Any tool with 2 tip widlh
greater tan 2.1 mm mug 8ot be used. The depth
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of the t1p of the grooving 100! must be 7.910 8.1
mm. [

NOTT 6—The wdith of the 1o of grooving tosls n
conveniently cheched uuNE 2 POCEA-NILE MEAUNNG
magntiier equipped with 3 milimere seaie. Magnifiers
of tass tvpe are 3s uuladie from mou lasoraiory supply
compinies The deoih of the up of groosing wWels cae
e checked using Wie et measunng feature of vermer
alipery.

9.2 ddjustment of Height of Drop—Adjust the
height of drop of the cup 50 Lhat the point on the
cup that comes in contact with the base naes 10
a height of 10 =0.2 mm. See Fig. 4 for proper
iocauon of the gage relstive 10 the cup dunng
adjusiment

NOTL 1A convenent procedure for adjusing the

heght of drop » & foliows place 3 prece of masking
upe acTous e ovinde bonom of e cup parallel with
the asis of the cud Ranper vor The eope of the Lape
sway {rom the cud hanger shouid et the Dot 08 Ihe
cup B3l conucy Wie base. For new cupe. plsaing a
prece of cAroon paser on the hase and allowang the cup
10 4rop aeveral umes wul Mark the CORWCT IDOL ATWCA
the Cup 10 the dewce and turm the cTank until the cup
18 Faised 10 18 manimum hagnt Side the horght gage
Unaer the cup from the frony and obecree whether the
Sape COBES Whe Cup or Whe Wape See Fig 4. If the upe
and cup are dow conucied, U heigt of drop u
approumaiety correct. If nov adium e cup watd se
Mmulaneous conWCT 13 made Check adjumment by
wming e C32t 3t ] revolubon) Der wTOMd while
holding the gage 'R DOUUOR 2gAiINS Lhe WP SNd CUPp.
If 3 naging or cLCKing 1OURd 13 Bard =1thoot the CuD
nung {rom the gage. e agjusiment 13 corret [f no
naging i3 heard oc if e cup N3es [rom the page. read)ust
the heght of drop. If e cup rocxs on the gage dunng
this checking ooeTaLoa. Wit cam follower pives o -
Crisvely worn 3nd (he wore pans shouid b replaced,
Aleavs remove upe afier compicuon of adusment
operauon

MULTIPOINT LIQUID LIMIT—PROCEDURES
A AND 3

10. Preparstion of Test Specimens

10.] War Preparation—Eacept where the dry
method of specimen preparation is specified
(10.2), prepare specmens for ten as described in
the followang sections.

10.1.1 Sampies Passing the 425-um (No 40)
Sieve==Vhen dy visual and manual procadures
it is derermined Lhat the sample has little or no
material rewined on 2 425-um (No. 40) sieve,
prepare 3 specimen of 150 10 200 g by mizing
thoroughly with disulled or demineralized water
on the plass plate uning the spatuia If desred.
301k soil in a storage dish wath smail amount of
waler 10 sofien the soil before the suart of mizing.
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Adjust the water content of the 301! to bnng 1t 10
3 conusiency that would require 25 10 J$ biows
of the hquid hmnt device 10 siose the groove
(Nose 8). I£ dunng muung. 3 small percentage of
matenial s encountered 1Rt would be rewained
on 3 425um (No. 40) uieve. remove these parti-
cles by hand if possible. If it 13 impracucal o
retnove the coamer matenal by hand. remo-se
small percenuages (les than about 15 %) of
coarser matenal by working the specimen
through 3 425-um (Na. 40) neve uning g piece of
rubber sheeting, rubber slopper. or Other conven-
iem device provided the cpenanon does not dis-
ton the seve or degrade maiz=al that would be
reained if the washing me:hod descnided 1n
10.1.2 were usad. If larger percenuages of coane
material are encoustered dunng mixing or it is
considered impracucal 10 remove the coamer
material by the methods just described, wash the
smpie a3 described in 10.1.2 When the coarse
particles found during mixng are concreuens
shells. or other fragile panticies. do not crush these
panicies to make thern pass 8 425-um (No. 40)
sicve. but remove by hand or by washing. Place
the mized il in the gorage dish. cover 10 pre.
vent loss of mowsture, and allow 10 Rand for at
leag 16 b (overnight). After the Randing penod
and immediately before sarung the test thor-
oughly remiz the soil.

NoTt §—The time wkes 1o sdegustely miz 3 301l
wil vary preatly. depending on tre plasucity and imual
witer conieal Imual miung ume of more han 30 —
in may b sevded (or sufl. fa1 cavs

10.1.2 Sempies Containing Maerial Reained
on g €25um (No. 40) Sieve:

10.121 Select a sufficient quantity of il at
natural water content 1o provide 150 10 200 g of
muterial pasang the 425-um (No. 40) ueve. Pace
in 3 pan or dush and add sufficient water 10 cover
the soil. Allow 10 soak unul all lumps have
soflened and the fina no longer adhere 10 the
surfaces of the corase particias (Note 9).

NoTt =12 some caaes. ihe auons of sl Dresent
I8 B9 wawr wall cachange wud the AStUM CRUONS I
e soul sad sgmficantly ailer the 1OR MEBUIL ShoOuld WD
o bt wat 1 the soakiag snd vasling opeErstons.
Unian 1 & kaows thant such cations are SOt prasent In
e o veiw, disulied or demineralized weier shouid
e waed. As 3 generdl fule. WAL SORWLMIAG MOME Lhan
100 mg/L of umoivedt soisds soould sot be used for
VAsING OPETIUSE.

10.1.22 When the sample contains a large
percentage of material rewuned on the 425-um
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{No. 4Q] sieve. perform the foliowang washing
ODErAlIoN 1N INCTEMENIS. washing no more than

- 0.5 kg (1 1b) of marenal a1 one ume. Place the
425.um (No. 401 sieve 1n the dottom of Uhe clean
pan. Pour the 01l water misiure onio the sieve.
1l gravel or coarse sand paricies are present nnse
as many of these as posndic with small guasuties
of water from & wash bottie. and ducard. Alter-
natively, pour the s0il water mixture over g 2-
mm (No. 10) sieve nested atop the 425-um (No.
40) sieve. nnase the fine material through and
remove the 2-mm (No. 10) sieve. Aker washing
and removing a1 much of the coarser material as
potsible, add sufficient water 1o the pan 1o bring
the level 1o about 1) ma (W in.) above the surface
of the 425um (No. 40) ieve Agiaie the slurry
by mirnng with the fingers while rimag and
lowering the sieve in the pan snd swarling the
suspenmon 30 that fine material is washed from
the coaner paricles Disaggregate fine s0il lumps
that have aot slaked by geatly rubdiag them over
the sieve with the fingerupt Complete the wash-
ing operzucn by rainng the sieve above the water
surface and nnsing the maienal rewsned with a
small amount of clean waier. Ducard material
rewined on the 428um (No. 40) meve.

10.12.3 Reduce the water content of the ma.
te=al pasung the 425«um (No. 40) meve unul it
azoroaches the liquid hmit Reduction of water
content may be accomplished by one or 3 com-
Minauon of the following methods () exposing
the air curreals at ordinary room temperature.
(&) exposing 1o warm air curreny from a souree
such as an elecunc Aaie drver, (¢) filering in @
Buckner funnel or umng filter candles, () de-
anung clear waier from surface of suspeason.
or (¢) druaing in a3 colander or plauter of paris
dish lined with high reigauviry, high wei-grength
filter paper.’ If a plaser of paris dish is used. take
care that the dish sever becomes suflicieady
saturaied that it fails 10 actively absord waier inte
it surface. Thoroughly dry dishes between uses.
Dunng evagoration and cooling sur the ample
ofien enough 10 prevent overdrving of the fringes
and wil pinnacies on the surface of the musture.
For wil mmpies contauning soludle salis use 2
method of waier reducuon such as o or b that
will nox eliminate W soludle mlu from the tes
speaimen.

10.12.4 Thoroughly miz the material passing
the 425um (No. 40) sieve on the glass plate unng
the somiula. Adjust the water conent of the mix-
ture, if necessary, by adding small incremenu of
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distilled or demineralized water or by allowing
the mizture 10 dry 31 foOm 1eMpErature while
mixing on the glass plate. The sou shouid be at 3
water content that wall result 1n closure of the
groove 1a 35 10 15 biows. Return the mured soil
10 Lhe musing dish, cover \0 prevent logs of mous-
ture, and aliow 10 nand for at beast 16 A After
the sunding period. and immediately before
sAniag the e, remis the 50il thoroughiy,

10.2 Dry Preparetion:

10.2.1 Seien sufficient soil 10 provide 150 w0
200 g of material passing the €25-um {No. 40}
sieve after processing. Dry the sampie at room
lempersture or in an aven 3t 3 lemperaiure not
exceeding 60°C until the 30l clods will pulvenze
treadily. Disaggregation is expedited if the sample
is aot allowed 0 completely dry. However, the
s0il should have 3 dry appaarance when pulver.
ized Pulverize the ampic i 2 monar with &
rubber Bpped penal or in 30me other way that
does a0t cause breakdown of individual grains.
When the coarse panicies found during pulven-
zauoR are concreuons, shells, or other fragile
parucies, 40 act crush theme partcies 1o make
them pass 8 425-urm (No. 40) gieve, but remove
by band or other suitable means. such as sashing

1022 Separate the mmpie on 2 425um (No.
40) seve, shaking the weve Dy hand 10 assure
thorough sepanation of the finer fractica. Return
the material retained on the 425um (No. 40)
sieve 10 Ide pulveriming apoarstus and repeat the
pulventziag and sicviag operstons & many umes
a8 necmssary (0 assure that all finer material has
been dimggregated and material rewined on the
4254m (No. 40) sicve consinis only of individual
sand or gravel praing.

10.2.3 Place maunial remaining on the 423.
g (No. 40) sieve alter the final pulvenning
operations in & dish and sosk in 2 small amount
of waier, Siir the soil water mizture and pour
over the 425um (No. 40) seve. aatching the
water and any suspended fines in the washing
paa. Pour this suspension into 2 dish conuining
the dry 30il previously sieved through the 4235
um (Na. 40) sieve. Discard matenial rewsned on
the 425-um (No. 40) sicve.

102.4 Adjuxt Uhe waier content a5 aecesan
by dmag as descnbed in 10.1.0.] ot by muung
on the glass plate, using the spatuls while adding
increments of digtillad or demineralized water.

'S snd § 93 Aher suam. svmiobit @ Jlow Oroim. A
prowes unsslocaery.
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unuil the s0il 13 at 3 water content that will result
in closure of the groove 1n 25 10 1§ biows.

10.2.5 Put soil 1n the nonge dish. cover 10
prevent lets of mouture and allow 0 sand for
at least 16 h. After the sunding penod. and
immediately before surung the e, thoroughly
remu the soil (Note §).

11. Procedure

11.1 Place 3 pontion of the prepared soil in
the cup of the liquid limit device at the peint
where the cup resus on the base, squeeze it down,
and spread it into the cup to a depth of about 10
mm at its deepen point. Lpenng to form an
approzimately horzonwl sutface. Take care to
eliminate a1r bubbles from the soil pat but form
the pat with as few strokes as possible. Heap the
unused soil on the glass plate and cover mith the
inverted storage dish Or a wet towel

112 Form a groove in the 10il pat by drawing
the 100!, beveied sdge forward. through the soil
on 3 line joimag the highent paat 10 the lowest
point on the nm of the cup. When cutting the
groove. hold the groowing tool against the surface
of the cup and draw in an are. Mmaintaining the
100l perpendicular 10 the surface of the cup
throughout its movemen: See Fig $. la soils
where 3 groove cansot be made in one froke
wathout teanng the soil. cut the proove with
several stroies of the grooving 1001 Alternatvely,
cut the goove 10 slightly less than required di-
meauons with 3 ®atula and use the grooning
tool to bnng the goove w final dimeasions
Exercuse extremne care 10 prevent sliding the soil
pat relauve 10 the surface of the cup.

11.3 Venfy that no crumbs of il are present
on the base or the underzide of the cup. Lifk and
drop the cup by turning the crank atarate of 1.9
10 21 drops per second uaul the reo halves of
the 30l pat come in contact at Lhe botiom of the
goove ajong 2 disance of 1) mm (W in.). See
Fig 6.

Nott 10—Use the end of the groowing teol. Fig 2.
of 3 R 10 venfy tha e groove has Closed 1) mm
{(aial)

11.4 Verify that an air bubble has not caused
premature closing of the groove by observing that
bows mdes of the groove have flowed together
with approzimately the same shape If 3 bubdie
has caused premature clonng of the groove, re-
form the soil in the cup. 3dding 2 small ameount
of soil 10 make up for that lost 18 the grooving

oL

eperation and repeat 11.1 10 11.3. If the soil
slides on the surface of the cup. repeat 1.1
through 11.3 at 3 higher water contenL If, afer
several tnals 3t succemamvety higher water con-
tents. the 306l pal conunues 10 shde in the cup or
if the number of biows required to close the
groove is always lexss than 25, record that the
liquid limit could not be determined. and repont
the so0il a8 nonplasuc without performing the
plastic limit e

11.S Record the number of drope. AN required
10 close the groove. Remove 2 slice of il ap-
prozimately the width of the 1pstuia. extending
from edpe 10 odge of the so0il cake 3t nght angles
10 the groove and including that poruon of the
groove in which the soil flowed together. place in
8 weighed conuiner, and cover.

11.6 Rewurn the 20il remaining in the cup o
the glass plate. Wash and dry the cup and groov-
ing tool and reartach the cup 10 the aarmage in
preparstion for the next tnal

11.7 Remiz the entire 30il specimen on the
glass plate adding distilled waier 10 increase the
witer content of the soil and decrease the number
of bliows required 10 ciose the groove. Repeat
11.1 through 11.6 for st Jeast two additional tnals
producing successively lower numbers of biows
1o close the groove. One of the tnals shall be for
8 closure requiring 25 to )5 blows. one for closure
berweez 20 and 30 blows and one tnal for a
closure requinng 15 t0 25 blows.

11.3 Deiermine the water content, Ky, of the
30il specimen (rom each tral 1a accordance wath
Method D 2216. Make all werghings on the same
balance. Ianial weighings should be performed
immaedistely after compieuon of the test If the
e is 10 be isterrupted for more than abou: |§
min the speairmens already obtained should be
weighed st the time of the interTupuon.

12. Cslculations

12.1 Plot the relationship between the water
content, ¥\, and the corresponding number of
drops. A, of the cup on 3 semiloganthmic graph
with the water coatent as ordinaies on the anth-
metical scale. and the number of drops as abscis-
sas on U lopantimic acale. Draw the dest
strasght line through the three or more plotted
points.

12.2 Take the water content corresponding 1o
the intersecuon of the line with the 2S5-drop
abacissa as the liquid limit of the soil. Computa-
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tional methods mav be subsituted for the graph-
ical method for fitung a srught hne 10 the data
and deierrmimiag the hiquid hmit.

© T ONE-POINT LIQUID LIMIT~—PROCEDURES
C AND D

13. Preparstion of Test Specimens

13.1 Prepare e specimen in the same man-
ner as descnibed 1n Secuon 10, except that 2t
mixing. ad)ust the water conient 10 3 CONRINENCY
‘requinng 20 10 X0 drops of the bquid limit cup
10 close the groove.

14. Peocedure

14.1 Proceed s described in 11.1 threugh
11.8 except that the number of biows required to
close e groove shall be 20 10 30. If less than 20
or more thae 30 blows are required. adjust the
wialer content of the soil and repeat the proce-
dure.

14.2 Immedisiely afier removing &8 water
content specimen as dexcribed in 11.5, reform
the soil in the cup, adding 3 small amount of
soil 10 make up for thai lost in the grooving and
waler content sampling operations. Repeat 11.2
through 11.5. and. if the second closing of the
groove requires the same number of drops or no
more than two drops difference. secure another
water content speaimen. Otherwise. rermux the
enure specimen and repeat

Nom1 |l =—Eicemw dmng or inadequale muxing
wall cause the aumbder of biows 10 vary.

14.3 Determine water contenu of specimens
33 dexcnbed in 11.8.

15. Calculations

15.1 Determine the liquid himit for each water
conient speaamen umng one of the following

Quanons
A {311}
L ""(s) o

LL = KW,)

where:
N = the number of biows causing closure of the
groove at water content
I, = water content. and
K =gfacer pven in Tabie 1.
The liquid timit is the average of the rwo wial
liquid limit values.
15.2 If the difference between the two tral

(X > 31 ]

liquid hmnt values is greater than one percentage
poInL repest the ten.

PLASTIC LIMIT

16. Preparstion of Test Specimen

16.1 Select 2 20-3 poruon of soil from the
maienal prepared for the bguid Limic test. either
after the second mixing before the test. or from
the 301l remaining afier compicuon of the tent.
Reduce the water content of the 3ol 10 2 conmist-
ency st which it can be rolled without sucking 10
the hands by spreading and mizing continyously
on the glass plate. The drving process may be
accelersied by exposing the 30il 10 the sir current
from an eieciric fan. or by blotting with paper
thst does BOt add apy fiber 10 the 30il, sueh as
hard surface paper woweling or high wet nrength
filier paper.

17. Precedure

17.1 From the 20-g mass. select 2 portion of
15 w0 2.0 g Form the 1em speamesn into an
ellipsoidal mass. Roll this mass between the paim
or fingery and e ground-glass plate with just
sufficient pressure to roll the mass 1n1o 3 thread
of uniform diameter throughou! iU lengtr (Note
12). The thread shall be funther deformed on
each nroke 3o that its diameter 8 continuously
reduced and iu length extended unul the dlam-
eer reaches 32 =0.5 mm (0.125 =020 is.).
uking 8o more thaz 2 mis (Note 13). The
amount of hand or finger pressure reguired wiil
vary greatly, according W the il Fragiie soils of
low plasucity are bemt rolled under the outer edge
of the palm or at the base of the thumbd.

NOTt 12—4A asrmal raie of roling for mon woils
should i 30 w 90 mrokss par sunuie counting 2
Rroke 2 ene compire Mmouoe of tbe hand forward and
ek w the Rarung pesuon. Thus rme of rolbag may
hawe 19 B¢ decrumnd for very frngile mils

NOTE [ }==A J2-mE (Vi) Gamere rod or tude
i weful for fraguent comparaen Wt the s thread
10 BCEnaAIn when the thread has resched the proper
damae, apecally for incapenesced openion.

17.1.1 When the diameter of the thread be-
comes ). mm. bruak the thread into seven
preces. Squeeze ihe pieces wgether, knead de-
tween the thumd and firn fiager of each hasd,
reform into an elipsoidal mas. and reroll Con-
tinue this alternate roiling w0 s thread J.2 2m in
dumeater. gathenng together. knaading and re-
rolling. until the thread crumbles under the pres-
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sure required for roling and e 3ol aas 8O
loager be rolled into 2 1.2.mm diarpeter tiread
(See Fig. 7). }t has no sigaificance if the tiread
breaks 10t0 threads of shorter lenpth. Roll ach
" of these shoner threads 10 ).2 mm in diameuer.
The oaly requirement for conuswng the test is
that they e abie 1 be reformed into as dlip-
soida) mam and rolled out agris. The operator
shall at 5o ume antempt 10 produce failure at
exaciy 1.2 mm diameter by allowing the thread
10 reach J.2 mm, then reduaing the rate of rolung
or the hand pressure. or bows, while conuauing
the rolling wathout further deforrastuon uatil the
thread falls apart 1 is permissible, however, 10
reduce the total amount of deformation for feebly
piamic soils by making the iniual diameter of the
elipscidal mass dearer 10 the requirsd J.2-mm
final damewer. If cumbling occurs when the
thread has 2 diameter greater than 3.2 mm, this
shall be consdered 3 musfaciory end poise, pro-
vided the soil has been previously rolled inte 3
thread 1.2 o 12 duameter. Crumbling of the
thread will manifen isell differesdy with e
vanous types of sl Some soils fall apant in
numerous small aggrepations of panticies, others
may [orm a2 outside tubular layer that Rary
splitung at both eads The splitung progrenses
toward the m:ddle, and finally, the thread falls
apan in many small piary parucies. Fat clay soils
require ruch pressure 10 deform the thread
particularly as they approach e plastic imit
With these soils, the thread breaks 1810 & series
of barrel-shaped segroents adout 3.2 10 9.5 mm
(w10 %in)in lespa

17.2 Gather the portons of the crumbled
thread 10geher and place 1o 3 werghed conlunes.
Immediately cover e conwuuner.

17.3 Setect another 1S 10 2.0 § porvios of soil
from the onpnal 20-g spanimes and repeat the
operanons dexcribed i3 17.1 and 17.2 vaul e
container has at leas 6 g of soil.

17.4 Repext 17.] through 17.1 to make an-
other conwuner holding a1 least 6 g of wil. De-
termune the water coatent, in perseat. of the sod
cotuined ia the conuiners in accordance with
Mewod D 2216. Make all wesglungs oo the same
balance.

NOTE 14==The inust of performing reo plamic
Smit orials u 10 ventfy We conasescy of We e8 reult.
It 11 sccepubdie pracucy 10 perform oaly one Plam
bmt vral whes e conanescy 10 e e rEIUIL A8
be confumes by sher means.

b

18. Calculatiess

18.1 Compute the average of the two wster
contents. If the difference between the two water
coniests 15 greater than two perceniage poinu.
repeat the test. The plasuc fimait 13 the average of
e [wo wler conlents.

PLASTICITY' INDEN

19. Calculations
19.1 Caiculste the plasticity indes as foliows:
Plell = pL

where: :
LL = the liquid limiL
PL = the plagtic imit

Both LL and PL are whole sumbens. If gither
the liquid limit or plasic limit couid not be
determined. or if the plagtic imit is equal 10 or
greater than the biquid limil repon the soi} as
nonplanic. NP,

20. Repont
20.1 Repon the foliowing information:
20.1.1 Samnpie identifying informauon,
20.1.2 Any special specimen seiection process
used. such as removal of sand lenses from undus-
turbed sampie,
20.1.) Reponr sampile as airdned if the sample
was urdried before or dynng pregarzuon.
20.1.4 Liquid limit. plastic hmit. and plasic-
ity indes 10 the nearent whole number and omut.
ting the percent designauon. If the liquid limit or
plagtic imit tens could not be performed. or if
the plasuc limit is equal 10 oOr greater than the
liquid Lmit repon the s0il as nonplasic. NP,
20.1.5 As esimate of the percentage of sam-
ple retined on the 425-um (No. 40) ueve. and
20.1.6 Procedure by which liquid limit was
performed. if it differs from the mulupoint
method.

21. Precisios and Bias

21.1 No imerlaborsiory teniing program has
as vei been conducied using this lest method 10
determine multilaborstory precision.

212 The within laboniory precusion of the
resulus of tems performed by differeat orerators
at one laboratory on two soils using Procedure A
for the hquid limit 1s shown 1n Tabie 2.
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i o
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—t H

]
—gae . ane

N

V DIAMETENR
CRS OR BRASS PN 60
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SPECIFICATION IN 6.4.2
S 0 Dland hperated U kyuld | bkt Iheolse

e ..
.

Cal
ANGLE

CaM

GREES Rabius

0742 R
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OJ73R
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1%0
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oaieh

210
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0.A%4R
0.90I R
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0.94350
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0.974R
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0.993%0

360

1.000R
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Standard Test Method Jor
ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF
SOILS'

This standard is isued under the B1ed demgnacion D 2435; mmmm dengastcs ndicawns the

‘wma nmudmmmdumAmanmmdu

1. Scope mined from this test is obe of the most useful

1.1 This method covers a procedure for de- pmiathuanbeobtﬁnedfmqht{omory
termining the rate and magnitude of consoli- testing. The data from the coasolidation test
dation of 50il when it is restrained laterally and can be used to develop an estimate of both the
losded and drained axially. rate and the amount of both differential and

total setticment of a structure or a landfill.

w:ﬂ"wm:&mﬁx Estimates of this type are often of key impor-

poudnmmqvptmm. tance in first selecting a foundation type and
in evaluating its .
2 secondly uating its adequacy
2.1 ASTM Siandards S Apperntm | =
D 422 Particle-Size Analysis of Soils’ 5.1 Load Device—A suitable device for ap-
D 423 Test for Liquid Limit of Soils? plying vertical losds to the specimen. The de-
D424 Test for Plastic Limit and Plasticity  vice should be capable of mainuining specified
Index of Soils’ loads for long periods of time with an accuracy
D 854 Test for Specific Gravity of Soils’ of = 0.5 % of the applied load and should

D 1587 Thin-Walled Tube Sampling of permit application of a given load increment
Soils’ within a period of 2 s. without significant im-

D 2216 Laboratory Determination of Water  pact
(Moisture) Content of Soil. Rock, and 5.2 Consolidometer— A device 10 hold the
Soil-Aggregate Mixtures' specimen in s ring which is ecither fixed to the
D 3550 Ring-Lined Barre! Sampling of Soils’  base or floating (supported by friction on pe-
ripbery of specimen) with porous stones on

3,_ Semmary of Method " each face of the specimen. The consolidometer

3.1 The method requires that an element of  shall also provide means for submerging the
s0il b restrained laterally and axially loaded specimen, for applying 8 vertical load, and for

' in increments with a coastant stress being ap-  measuring the change in beight of specimen.

ptied until all of the excess pore water pressures  Tbe consolidometer ring shall conform 1o the
hvcdaapuedforachwem.bnmgme following requirements:

compression process measurements of decrease $2.1 Minimum Specimen (Ring) Diameter—
in the sample t are made and these data  The minimum specimen diameter shall be 30
are used 0 te the parameters that de- mm (2.00 in.), and shall be at least 5 mm (%
m’betherdnmhxpmmedfecuve —T'l‘h— '“‘.u ‘
stress and void ratio or strain and describe the mbml.“dﬂmmmm

e . awEA.

rate at which compression can occur. of Sebcommines D12.0S ou Structural
. Currenst adition, Oce. 31, 1900, Pubhhdbt-
4. Sigalficasce and Use comber 1990, ngasly publisked s D343 - 43 T. Lau
4.] The comprenibility of soils as deter- ~ ‘Anwel Book of ASTN Siandards Pan 19.
\ ! ’
1853 6=
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tube if sampies are extruded and trimmed.
522 Hmmﬂm—mm

lnmspeamba;huhnbelsm(ojm)

blnmllbeno(leuthnwumatbemw‘ :

pt?gdm

Minomon  Specimen Duuurlo-

Height Ratio—The minimum diam.
eter-to-height ratio shall be 2.5..

3.2.4 Rigidity—The rigidity of tbe ring shall
bemdnhm.underhydmuxmmdmom

in the specimen, the change in diameter of the

ring will aot exceed 0.03 % of the diameter

unde: the load applied.

325 Thbe ring shall be made of a2 material
that is noocorrosive in relation (o the soil tested.
The inner surface shall be highly polished or
shall be coated with a low-friction material
Silicon grease is recommended or polytetra-
fluoroethylene for nonsandy soils.

33 Porous Siones—The porous stones shall
be of silicon carbide, aluminum oxide, or metal
that is not attacked by the soil or soil moisture.
The grade of the stones shall be fine enough to
prevent intrusion of soil into the pores of the
stooe. If necessary, a filter paper’ may be used
to preveat intrusion of the soil into the stones.
However, the permesbility of the stopes, and
filter paper, if used, must be sufficieatly high
o prevent retardation of the drainage of the

i The stones shall be clean and free of
cracks, chipe, and noguniformities.

53.1 The diameter of the top stooe shall be
02 t0 0.5 mm (0.01 t0 0.02 in.) less than that of
the inside diameter of the ring. If a floating
ring is used, the bottom stooe shall have the
same diameter as the top stone. The use of
tapered siones is recommended, with the larger
diameter in contact with the soil

$3.2 The stone thickness shall be sufficient
to prevent bresking The top stooe shall be
losded through a corrosion-resistant plate of
sufficient rigidity 1o preveat breakage of the
stooe. .
5.4. Storage—Storage of sealed samples
should be such that no moisture is lost during
storage, that is, 0o evidence of partial drying of
the ends of the samples or shrinkage. Time of
storage should be minimized, particularty when
the s0il or s0il moisture is expected to react
with the sample tubes.

54.1 Sample Preparation Envirorment—

1854

S p-

D 2438

'Testspeammmnbeprepuvdmmenvnmn-
" ment where soil moisture change during prep-

aratioa docs oot exceed 0.2 %. (A high humidity
moisture room is usually used for this purpose.)

‘8.5 .Temperagre—Tests should be per-
formed in an eaviroament where temperature
fluctustioas are less than = 4°C (39°F) and
there is not any direct contact with sualight.

8.6 Trmmer. or cylindncal cutter. for tm-
ming the sample down (0 the inside diameter
of the consolidometer ring with a2 minumum of
disturbance. The cutter shall have a highly

i surface and be coated with 2 low-

frictioo material
. 8.7 Balonce, sensitive 10 0.1 g or 10 0.1 % of
the total mass of the test specimen.

S.8 Drying Oven. that can be mainuained

" uniformly at 110 £ 5°C (230 2 9°F). A forced-

draft oven is recommended.

5.9 Extensometer, 0 measure change in
beight of the specimen with a seasitivity of
0.0025 mm (0.0001 in.).

$.10 Miscellaneous Eguipmens. including
spatulas. knives, wire saws, used in preparing
the speci

5.11 Moisture Content Consainers, shall be in
accordance with Method D 2216.

6 Sampling

6.1 Relatively undisturbed samples should
be obtained and used for consolidation testing
because the meaningfulness of the results di-

minishes greatly with sample disturbance.
Methods D 1587 and D 3550 cover procedures

" and spparatus that may be used to obtain

satisfactory samples for testing.

7. Specimen Preparation (Note 2) .

7.1 Prepare the sample in an eaviroament in
accordance with 5.4.1. Trim the specimen to
the inside diameter of the consolidometer, forc-

ing it directly into the ring during trimming.

* Trim it flush with the plane surface of the ring.

For soft 1o medium soils, a wire saw should be
used for rimming the op 20d bottom of the
specimen (o minimize smearing. A straightedge
with a sharp cutting edge may be used for the
final trim after the excess soil has first been
removed with 3 wire saw. For stiff soils. 2

sharpened straightedge alone may be used for

% Use o hardened. fam fiker paper.

C-8§




tnimmung the top and botiom. If desired. the
specimen height may be made less than the
mg!:d;hlbypnnmnuuﬁoaandtﬁm;.
provided the minimum specimes thickness re-
quirements in 5.2.2 and $2.3 are met. A speci-
mea ning with the cutting edge attached pro-
vides the most accurate fit in moist soils. |
Nomt 2—Precautions should be tskes 10 mini-
nd deaity durag temp ek
:a:noa Vibru:;'dmmcnnm:z

7.2 Fibrous soils. such as pest aad those
soils that are easily damaged by rimming may
be transferred directly from the sampling tube
1o the ring provided that the ring has the same
diameter as the sample tube.

7.3 Specimens obtained using a ring-lined
sampler may be used without prior trimming.

ided they comply with the requirements of
Method D 3550 and this method.

7.4 Determine the mass of the specimen in

the coasolidation ring.

8§ Callbratica

8.1 Assembie the consolidometer with a cop-
per or hard steel disk of approximately the
same height as the test specimen and | mm
(0.04 in.) smaller diameter than the ring in
place of the sample. Motsten the porous stones.
If filler papers are 10 be used (see 53), they
should be moistened and sufTicieat time for the
moisture 10 be squeezed from them should be
allowed during the calibration process.

8.2 Load and unload the coasolidometer as
in ‘the test and measure the deformatioa for
each load applied.

83 Plot or usbulate the correctioas to be
applied to the deformation of the test specimen
at each load applied. Note that the metal disk
will deform also. However, the correction due
to this deformation will be negligible for all but
extremely stiff soils. If necessary, the compres-
sioa of the metal disk can be computed and
applied 10 the corrections. -

9. Nawmc-mc.wmvau..

Specific Gravity, Liquid sad Plastic Limits,
snd Particle Size Distribution Determine-
tioms

9.1 Use the material trimmed adjacent to the
specimen (see Section 7) (o determine the nat-

ural moisture coatent in sccordance with-

1855
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Method D 2216 and the speafic gravity with
Method D 854. Determine the initial wet mass
of the specimes by subtracting the mass of the
specimen ring from the combined mass of the
specimen ring aod the specimen. Determine the
initial volume of the specimen from the diam-
eter and beight of the specimen. The value of
moisture coatent determined from the trim-

- mings i approximate but permits determing-

tion of the void ratio before the test 1s complete
The most accurate determinatwa of the speui-
men dry mass and mossture content s found
by drying the entire specimen at the end of the
test. This procedure should be used unless a
portion of the specimen is needed for inden
tests (see 10.9). The specific gravity can be
estimated where an accurate voud rauwo is not
needed. .

9.2 The liquid limiL as determined in ac-
cordance with Method D 423, the plastic limit.
as determined in accordance with Method
D 424, and the particle size distribution. for
soils with substantial granular material. as de-
termined in accordance with Method D 422,
are useful in identifying the soil and in corre-
lating the results of tests oa different soils. It is
recommended that liquid and plastic limits be
determined oa the trimmings or on represent-
stive portioas of the test specimen if the soil
exhibits significant heterogeneity.

16 Proredure

10.1 The objective of the preparation of the
sto~es and other apparatus prior 1o their con-
tact with the specimen is to prevent change in
moisture content of the specimen. Thus. very
dry, highly expansive soils should be placed on
dry stones but most partislly saturated soils
may be placed on stones that have simply been
dampened. If the specimen is saturated and is
believed not to exhibit a high afTinity for water.
the porous stones should be boiled after clean-
ing with a noaabrasive brush and kept satu-
rated until the time of their contact with the
specimen. Assemble the ring.- specimen snd
porous stooes. With the consolidometer assem-
bled, enclose the specimen. ring, filter paper
(when used), and porous stones with a loose-
fining plastic or rubber membrane 1o prevent
change in specimen volume due to evaporation.
This step may be omitted if the specimen is to
be inundated after the first load increment is
applied as provided in 10.8.
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102 Place the consolidometer in the losding
device and apply a a seating pressare of 5 kPa
(100 Ibf/ft"). Within $ min after application of
the seating losd, adjust the extensometer dial
§ags for the iaitial or zero resding. (For very
0ft 30ils 2 seating pressure of 2 or 3 kPa (aboat
50 Ib/ft%) or less is desirabie.)

103 Place Josds oo the coasolidometer o
obtain pressures oa the soil of approximately
5. 10, 20, 40, 30, exc., kPa (100, 200, 400, 300,
1600, etc., I{/Rt%), with each presure main-
tained comssnt as required in 10.4 (Smaller
wmybedw;b&ouveynoﬁ:pw-
imens or when it is desirable (o determine the
preconsotidation pressure with more precision.)
Loading of the specimen should continue into
the virgin compression region 30 that the slope
Mmpedmenrpnmmmmy
be amemed. Typically, a final pressure that is
equal 10 or greater thaa four times the precon-
solidation of the sample is required
for this assessment. In the case of overconsoli-
dated clays in particular, it may be desirabie 10

- use an unloading-rejoading cycle to better eval-

uals recompression parameters, but such & pro-
cedure is

- 10.4 For at least two losd increments (in-
cluding at least ooe load increment afier the
preconsolidation pressure bas beea exceeded),
record the beight or change in beight of the

i before each pressure increment is
applied and at time intervals of approximately
0.1,025,05,1,2.4,8, 15, and 30 min, 1. 2, 4,
8. etc. h, measured from the time of each
incremental pressure
rate readings need be obtained caly for satu-
rated specimens. Readings should coatinue at
least until the slope of the characieristic linear
secondary compression portion of the thickness
versus log of time plot is appareat (sec 11.1),
ualess the method 11.6 is used, in which case
the next loading may proceed as soca as 100
Seomobdnmucomplaed.(?oramkthn
have slow coasolidation, pressures
shoald be applied for at least 24 b. In extreme
cases, or where secondary compression must be
evaluated, they should be applied much

,locger.) Then apply the next pressure incre-

meat For pressure incremeants where time ver-
sus deformation dats are nat required, the load
should be left oa the sample for ementially the

. same length of time as when time versus defor- *
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matioo readings are taken. Sufficient readings

should be taken near the end of the pressure-

increment period to allow for any needed ex-
ion of the time-deformation curve.

105 If thickness versus square root of time
plots are to be made. the time intervals may be
adjusted 1o those that have easily obuined
square roots. for example. 0.09, 0.25. 0.49. |
min. 4 min. 9 min. etc.

10.6 Redound— Where rebound or unload-
ing characieristics are desired. unload soil by
pressure decrements in reverse order. However.
if desired. each successive load can be only one
fourth as large as the preceding load. Record
at time intervals as suggested in 10.4. Note.
bowever, that for most soils the rebound will
be complete in less tlime than would be required
for an increment of load during primary con-
solidation, but sufficient readings should be
takea to verify that rebound is essentially com-

10.7 An alternative loading. unloading. or
reloading schedule may be employed that re-
produces the coasiruction stress changes. or
oblains better definition of some part of the
strem-deformation curve, or aids in interpreting
the field behavior of the soil. This should be
clearly indicated on the test results.

10.8 If the test is performed on an undis-
turbed sample that was either saturated under
field cooditions or obuined from below the
water table, it should be inundated after the
first load increment is applied. As inundation
and specimen wetting occur, the load should be
increased if required, 10 prevent the specimen
from swelling, unless it tends 1o swell under the
estimated in situ vertical stress. If the specimen
compresses afler inundation, simply record the
amount of compression. Specimens also may
be inundated at pressures that simulate future
inundation under field coeditions. In such
cases, the pressure at inundation and any re-
mgdfmﬂduamotmmwd

should be noted in the test results.

109 To minimize swell during disassembly,
the specimen should be rebounded back to0 a
very small stress and dismantled quickly after
releasing the final load on the specimen. Re-
move the specimen and the ring from the con-
solidometer and wipe the free water from the
nngandtpeumkemthespeamenfmm
the ring and determine its mass, oven dry it
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and reweigh it 10 obtain the dry mass of solids
and the final water content If the original soil
sample is very hecrogencous, any index tests
should be performed on a portioa of the text
specimen and the remainder can be used for a
final water content measurement. Porous siones
should be boiled clean after the 1est 1o prevent
clay from drying on them and reducing their
permeability.

“cm

{11 From those increments of load where
lime-rate readings are obuained, piot the defor-
mation readings versus the log of time (in min-
utes) for each increment of load or pressure as
the test progremes, and for any increments of
rebound where time versus deformatioa data
have been obwsined.

112 Find the deformation represeating
100 % primary consolidation for each load
facrement. First draw & straight line throogh
the points ing the final readings and
that exhidit a straight line trend and » flat
slops. Draw a second straight line tangent to
the steepest part of the deformatica-log time
curve. The intersection represents the defor-
mation ing to 100 % primary con-
solidatioa. Correct the deformatics st 100 %
coasolidation in accordance with the results of
the calibration (see Sectica §). Compression
that occurs subsequent to 100 % primary con-
solidation is defined as compression.
113 Find the deformation representing 0 %
primary coasolidstion by selecting the defor-
matioes at any 2 times that have a ratioof | to
4. The deformation cocrespooding 10 the larger
of the two times should be greater thas % but
less than % of the total change in deformation
for the load increment. The deformation cor-
responding to 0 % primary coasolidation is
equal 10 the deformation correspooding to the
senalier'time interval less the difference in the
deformatioes for the two selected times.
11.4 The deformation co ing 0 50
% primary coasolidation for each load incre-
meat is equal (0 the sverage of the uncorrected
" deformations cof ing to the 0 and 100
% deformations. The time required for 50 %
consolidation under any losd increment may
. be found graphically from the deformation-log
time curve for that loed increment by observing
the time that corresponds 16 $0 % of the primary
coasolidation of the curve.
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$1.5 For each load increment for whxh
time-rate resdings were obtained. compute the
coefficient of coasolidation. c.. as follows:
oM

€, ® o

where:

H = sample height 1n metres ((eet) for a dou-
bly drained sample at 50 % consolda-

twe = time for 50 % consolidation 1n years. and

¢, = coefficient of consolidation in m?/year
(N*/year).

If H s in millimetres and ¢ in secoods or

minutes, ¢, will be expressed in mm?/s or

mm®/min. respectively, and coaversion 10 more

coavenient units is desirable.

11.6 Ao ahlernative procedure requinng a
plot of deformation versus the square root of
time in minutes may be used 10 determine the
poiats of 0 and 100 % coasolidation as well as
the coefficient of consolidation for each load
increment. The initial pant of the curve is ap-
proximated by & straight line. The line is ex-
trapolated beck to 1 = 0. The corresponding
deformation ordinate represents 0 % primary
coasolidation. A second straight line is drawn
through this point so that the abscissa of this
line is 1.1S times the abscissa of the straight
line approximation of the initia] part of the
curve. The intersection of the new line with the
deformation-square root of time curve corre-
sponds 10 90 % primary consolidation. The
deformation at 100 % primary consolidation is
% more than the difference in deformations
between 0 and 90 % consolidation. Similarly,
the deformation at 50 % consolidation is % of
the difference between that at 0 and 90 %. The
coeflicient of consolidation can be found from
the time of 90 % consolidation by the formula:

L 020N
(A

- [
where: .
H = sample beight for a doubly drained sam-

ple at 90 % consolidation, m (or A1),
fw = time for 90 % consolidation, years, and
¢, = coeflicient of consolidation, m’/year

(A/year). -
If H s in millimetres and ¢ in seconds or
minutes, the wnits.of ¢, will be mm’/s or
mm’/min, respectively, and conversion 10 more
coavenient units is desirable. The square root
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coatainer and diame-
BVoluneohohdsnm ted by dividing
"""’7"“‘”0" by the specific

IltCoapuuvodnmoorragoodm;
100 % coasolidation (using

compression) using the deformation values ob-
tained afler & selected time interval that shall
inclede some portica of secondary compres-
sioa. and such time iaterval shall be the same
for each loed increment. However, if the “equi-
libriam™ value chosen is other than the 100 %
primary coasolidation point. a note to this ef-
fect should be included with the test results. It
should be noted that the secood alternative
cited above will result in somewhat lower val-
ues of the precoasolidation pressure than are
obuained whea the 100 % primary consolidation
points are used.

12 Reponrt

12.1 The report shall include the following
informatioa:

12.1.1 Identification and description of the
test sample. including whether soil is undis-
turbed. remolded. compacted, or otherwise pre-

12.1.2 Initial and final moisture content,
1213 Dry mass and initial and final wet

unit weight,
" 12.1.4 Initial percentage saturation,

12.13 Specific gravity of solids or Atterberg
Limit data if obuained,

12.1.6 Specimen dimeasions,

12.1.7 Condition of test (natural moisture or
inundated, pressure at inundation).

12.1.8 Preparation procedure used relative
10 lrimming: state whether specimen was

1858
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‘trimmed. extruded direvtly into the ring. or

tested durectly in a nng (rom a nng-Lioed sam-

IZ.I 9 Plot of log of ume or square root of
fime versus deformauoa. for those kad incre-
mests where ume-rate resdings were laken. For
organic or highly macacevus soils. or other wnls

" with apprecuable sevondany compreaaon, it i
‘hughly desirable that log of ume plots extending

into the secondary compression regon bhe 1n-
cluded.

12.1.10 Piot of voud ratwo versus kg of pres-
sure curve of percent compression venus log ot

re curve.

121.11 In cases where ume rate of conshi-
datoa readings have been taken fur several
load increments. a plot of coefTicrent of cvasl-
idation versus log of average pressure. As an
aherative, a plot of log of coefficrent of con-
solidation versus log of average pressure curve
may be used. The method used for computing
¢. should be noted. If time-rate readings were
obuained for oaly two load increments. simply
tabulate the values of ¢, versus the averape

re for the increment.

12.1.12 All departures from the procedure
outlined. including special loading sequences.
For example. it may be desirable to tnundate
and load the specimen precisely in accordance
with the wetting or loading pattern expected in
the field in order to best simulate the response.
Smaller than standard load increment ratios
may be desirable for soils that are highly sen-
sitive or whose response is highly dependent on
strain rate.

13. Precision and Accuracy

13.1 Section 5 of this method specifies the
seasitivity of the load and deformation mea-
surements. The corresponding accuracy of the
applied stress and resultant strain in the speci-
manbecompuwdfmthespeumdn-
mensions. The accuracy with which the test

results can be applied 10 the ficld varies from

case 10 case and ds on:

13.1.1 The quality of samples used.

" 13.1.2 The number of samples 1ested.

13.1.3 The vertical and horizontal distribu-
tion of the samples tested, and

. 13.1.4 The betercgeneity of the soil proﬁle
in the field.

13.2 A staustical analysis that includes bo(h

.
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Standard Test Method for
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UNCONSOLIDATED, UNDRAINED COMPRESSIVE STRENGTH
OF COHESIVE SOILS IN TRIAXIAL COMPRESSION'

This mandard 18 tsucd uader the fixed demgnanon D 2830. the aumber immedistely following the designation indicanes the yeur of
onginal adopuon or. in the case of revimon. the year of last revision. A sumber 18 parentheses indhicates the year of laxt reappsonal.
A supercripn epmlon (¢) indicaies an editonial change since the last revison or reapproval.

1. Scope

* 1.1 Thistest method covers the determination
of the unconsolidated. undrained compressive
strength (or maximum principal stress difference)
of cylindnical specimens of cohesive soils in un-
disturbed. remolded. or compacted conditions
using constant rate of deformation (strain-con-
trolled) application of the axial compression test
load and where the specimen is subjecied 1o a
confining fluid pressure in a traxial chamber.
No drainage of the specimen is permitted duning
the test. The test method provides for the mea-
surement of the total stresses applied 10 the spec-
imen. that is. the stresses are not correcied for
pore-water pressure. The total stress is the sum
of the effective stress and the pore prussure.

1.2 This test method provides data for deter-
mining undruined strength propertics and stress-
strain relations for soils.

NatE |—The determination of the unconsolidated.
undrained sirength of cohesive sous without lateral
confinement is covered by Test Methods D 2166,

Note 2—This test method docs not provide a pro-
cedure for back pressure saturation of the test spec-
mens. If back pressure saturation of the specimens 1s
required. the test must be performed utilizing proce-
dures and apparatus similar 1o those required for a
consolidated undrained triaxial test. However. due to
comolidation, which could occur dunng the saturation
phase, this modified procedure is not truly unconsoli-
dated. A test method for the consolidated undrained
triaxial test is currently under development 1n Subcom-
mitiee D13.0S.

Note 3—This e method does not include a pro-
cedure for obwaining pore pressure measurements. Fur-
thermore, at the rapid strain rates used in this test
method such measurements could be inaccurate. If pore
premure messurements are desired. alternative proce-
dures such a3 the U.S. Bureau of Reclamation Method
E-17 can be used.

1.3 The values stated in Sl units are 10 be
regarded as the standard.

V.4 This standard may involve hazardous ma-
terials, operations, and equipment. This siandard
does pe purport to address all of the safety prob-
lems associated with its use. It is the responsibil-
ity of the user of this standard 10 establish appeo-
priate safc1y and health practices and desermine
the applicability of regulatory limitations prior 10
use.

2. Referenced Documents

2.1 ST Swundurds:

D422 Mcthod for Parnticle-Size Analysis of
Sails’

D653 Terms and Symbols Relating 10 Soil
and Rock’

D®53 Test Mathad for Speaific Gravity of
Soils*

D 1587 Practice for Thin-Walled Tubx Sam-
pling of Soils’

D266 Test Methads for Unconfined Com-
pressive Strength of Cohesive Sail®

1D 2216 Method for Laboratory Determination
of Water (Moisture) Content of Soil. Rock.
and Soil-Aggregate Mixtures®

D 2487 Test Method for Qlassification of Soils
for Engincering Purposes®

D 2438 Practice for Decription and Identifi-
cation of Soils (Visual-Manual Procedure)®

' This tent method i wader the undicuon of ASTM Com-
muuo-nms:-lwmw-mwwwd
Subcommitier D15.03 ca Structural Properues of Soils.

Currest edition approved Apnl 24, 1987, Publshed June
’gmmyp&u-buw-nmmm
D -82.

! 4nauel Bock of ASTM Sienderds. Vol 04.08.




D4220 Practices for Presernving and Trans
porung Soil Samples® '

D4318 Test Method for Liquid Limt. Plastic
Limit. and Plasticity Index of Soils®

3. Terminology

3.} Ddfinutions:

3.1 tnavwal  compression 1esi—a test in
which a cylindrical specimen of soil encased in
an impervious membrane is subjecied to a con-
fining pressure and then loaded axially to failure
n compression (as defined in 3.2.1).

3.1.2 principal stress difference or deviator
vress—the difference between the major and
minor principal stresses in a triaxial test.

3.1.2.1 Discussion—The principal siress dif-
ference or deviator stress is equal to the axial
load applied to the specimen divided by the
corrected cross-sectional area of the specimen. as
prescribed in Section 8. The major principal
stress in the specimen is equal to the deviator
stress plus the chamber pressure, and the minor
pancipal stress in the specimen is equal to the
chamber pressure.

3.2 Dexcripions of Terms Spocific 1o This
Standard

A1 talure—the failure stresses are taken as
the stresses in the specimen corresponding to the
mayimum pnancipal stress diflerence (deviator
stress) attained or the pnncipal stress difference
(deviator stress) at 3 % axial strain. whichever
is obtained first Juning the performance of a test.

3.2.2 unconsolidated-undrained  compresa. ¢
vrength—the value of the maximum principal
stress difference or deviator stress obtained dur-
ing the test.

4. Sigaificance aad Use

4.1 In this test method., the compressive
strength of a soil is determined in terms of the
total stress. therefore, the resulting strength de-
pends on the pressure developed in the pore fluid
during loading. In this test method. fluid flow is
not permitied from or into the soil specimen as
the load is applied. therefore the resulting pore
pressure, and hence strength, differs from that
developed in the case where drainage can occur.

4.2 If the test specimens are 100 % saturated.
consolidation cannot occur when the confining
pressure is applied nor during the shear portion
of the test since drainage is not permitted. There-
fore, if several specimens of the same material

- e s
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are tested, and if they are ali a1 approximately
the same water content and void ratio when they

. are tested. they will havespproximately the same

undrained shear strength. The Mohr failure en-
velope will usually be a honizontal straight line
over the entire range of confining stresses applied
10 the specimens if the specimens are fullv satu-
rated.

4.3 If the 1est specimens are pantially saturated

_or compacted specimens. where the degree of
saturatic ° is less than 100 ‘. consolidation may

occur when the confining pressure is apphied and
during shear, even though drainage is not per-
mitted. Therefore. it several partially saturated
specimens of the same matenal are tested at

_different confining stresses. they will not have the

same undrained shear strength. Thus. the Mohr
failure envelope for unconsolidated undrained
triaxial tests on panally saturated souls is usually
curved. .

4.4 The unconsohidated undrained tnaxial
strength is applicable to certain design situations
in geotechnical engineering practice where the
loads are assumed to take place so rapidly that
there is insufficient time for the induced pore-
water pressure o dissipate and for consolidation
to occur dunng the loading period (that is, drain-
age docs not occur). The uncunsolidated un-
drained tnaxial strength is used 10 determine
strengths at the end of construction.

4.3 Compressive strengths determined using
this procedure may not apply in cascs where the
loading conditions in the field difTer significantly
from those used in this test method.

S. Apperatus

8.1 Anial Loading Device—The axial com-
pression device may be screw jack driven by an
electric motor through a geared transmission. a
hydraulic or pneumatic loading device, or any
other compression device with sufficient capacity
and control 10 provide the rate of loading pre-
scribed in 7.5. When the loading device is set 10
advance at a certain rate of strain, the actual rate
of stirain shall not deviate by more than 210 %.
Vibrations due 1o the operation of the loading
device shall be kept at 2 minimum.

Note 4—A loading device may be said lo provide
sufficiently small vibrations if there are no visible np-
ples in 3 glass of water placed on the loading platen
when the device is operating at the speed at which the
tedt is performed.




3.2 Avidl Liad-Measuring Device—The axial
load-measuring device shall be a load ring. elec-
tronic load cell. hydraulic load cell, or any other
load-measuring device capable of the accuracy
prescribed in this section and may be a pant of
the axial loading device. The axial load-measur-
ing device shall be capable of measuring the axial
load 10 an accuracy of | % of the estimated axial
load at failure.

5.3 Chamber Pressure-Maintaining and Mea-
surement Device—The chamber pressure-main-
taining and measurement device shall be capable

‘of applying and controlling the chamber pressure
to within 21 % of the applied chamber pressure.
This device may consist of a reservoir connecied
to the triaxial chamber and parntially filled with
the chamber fluid (usually water). with the upper
part of the reservoir connecied 10 a compressed
gas supply: the gas pressure being controlled by
a pressure regulator and measured by a pressure
gAge. electronic pressure transducer, or any other
device capable of measuring 10 the prescribed
tolerance. However. a hydraulic system pressur-
ized by deadweight acting on a piston or any
other pressure-maintaining and measurement
device capable of applying and controlling the
chamber pressure 10 the tolerance prescnibed in
this section may be used.

8.4 Triaxial Compression (Chamber—An ap-
paratus shall be provided in which the oyvlindncal
specimen. enclosed by a membrane scaled to the
specimen cap and hase. may be placed and sub-
Jected 1o 2 constant hydrostauc fluid pressure.
The apparatus shall include a bushing and piston.
aligned with the axis of the specimen. through
which the load from the axial loading device is
transmitied 10 the specimen axially hetween the
specimen cap and base. The bushing and piston
shall be designed 1o minimize fnction and lateral
thrust to the specimen cap.

5.5 Spevimen Cap and Base—An imperme-
able rigid cap and base shall be used to prevent
drainage of the specimen. The specimen cap and
base shall be constructed of a noncorrosive im-
permeable matenal, and each shall have a circu-
lar plane surface of contact with the specimen
and a circular cross section. The weight of the
specimen cap shall produce an axial stress on the
specimen of less than | kN/m?. The diameter of
the cap and base shall be equal 10 the initial
diameter of the specimen. The specimen base
shall be coupled 10 the triaxial compression
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chamber so as 10 prevent lateral motion or tilting
and the specimen cap shall be designed to receive
the piston such that the piston-to-cap contact

- area is concentric with the cap. The specimen

cap during shear shall not tilt more than 5°. The
cylindrical surface of the specimen base and cap
that contacts the membrane (o form a seal shall
be smooth and free of scratches.

NOTE §—The stress produced by the specimen cap
can exceed | kN/m? provided the test data 1 corrected
for the effects of thay stress.

5.6 Deformation Indicaior—The deformation
indicator shall be a dial indicator capable of
measuring axial deformation to within 0.03 % of
the specimen height and having a travel range of
st least 20% of the initial height of the test
specimen. or any other measuring device, such
as clectronic deformation measuring devices.
mecting these requirements of readability and

range.

5.7 Rubhber Membranes—The rubber mem-
brane used 10 encase the specimen shall provide
reliable protection against leakage. Membranes
shall be carefully inspected prior 1o use. and if
any flaws or pinholes are evident. the membrane
shall be discarded. In order to offer minimum
restraint to the specimen. the unstretched mem-
brane diameter shail be between 9 and 95 % of
that of the specimen. The membrane thickness
shall not exceed | ¢ of the diameter of the spec-
imen. The membrane shall be sealed to the spec-
imen base and cap by any method that will
produce a positive seal. An equation for correct-
ing the principal stress difTference (deviator stress)
for the eflect of the stifTness of the membrane 1s
givenin 8.5,

Notr 6—The membrane 1s typwally sealed using

O-nngs with silicon grease hetween the cap and base
and the membrane.

8.8 Sumple Extruder—The sample extruder
shall be capable of extruding the soil core from
the sampling tube in the same Jirection of travel
in which the sample entered the tube and with
minimum disturbance of the sample. If the soil
core is not extruded vertically. care should be
taken to avoid bending stresses on the core due
1o gravity. Conditions at the time of sample
removal may dictate the direction of removal,
but the principal concern is 10 keep the degree of
disturbance minimal.

5.9 Spevimen Size Measurement Devices—
Devices used 10 measure the height and diameter
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of the specimen shall be capable of measuring
the desired dimension 1o within 0.1 % of its
actual length and shall be constructed such that
their use will not disturb the specimen.

5.10 Timer—A u:aing device indicating the

elapsed testing time 10 the nearest | s shall be .

used for esubhshmg the rate of strain apphcauon
prescribed in 7.5.

5.11 Balunces—The balance used to weigh
specimens shall determine the mass of the spec-
imens to within 0.1 % of the total mass.

$.12 Apparatus tor Bater Content, as specified
in Method D 2216.

$.13 Miscellaneous Apparatus—Specimen
trimming and carving tools. membrane and O-
ning expanders. compaction apparatus. and data
sheets as required.

6. Test Specimens

6.1 Spevimen Size—Specimens shall have a
minimum diameter of 30 mm and the largest
particle contained within the test specimen shall
be smaller than ' of the specimen diameter. If.
after completion of a test. it is found that oversize
particics are present. indicate this information in
the report of test data under remarks. Determine
the average height and diameter of the test spec-
imen using the apparatus specified in 5.9. Take
3 minimum of three height measurements (120°
apant) and at least three diameter measurements
at cach of the quanier points of the height. The
height-to-diameter ratio oflhe specimen shall be
between 2 and 2.5.

Note 7—If large soil particles are found in the
specimen after testing. a particle-size analysis in accord-
ance with Method D 422 may he performed (o confirm
the visual observation and the results provided with the
test report.

6.2 Undisturbed Specimens—Prepare undis-
turbed specimens from large undisturbed sam-
ples or from samples secured in accordance with
Practice D 1587 or other acceptable undisturbed
tube sampling procedures. Undisturbed samples
shall be preserved and mnsponed as outlined for
Groups C or D samples in Practices D 4220.
Specimens obtained by tube sampling may be
tested without trimming. except for the squaning
ol ends. provided soil characteristics are such that
no significant disturbance results from sampling
and the specimen is uniformly circular. Handle
specimens carefully 10 minimize disturbance.
changes in cross section, or loss of water content.

If compression or any type of noticeable distur-
bance would be caused by the extrusion device,
split the sample tube lengthwise or cut it off in
small sections 1o facilitate removal of the speci-
men with minimum disturbance. Prepare
trimmed specimens in an environment where the
change in the water content of the soil is mini-
mized (Note 8). Specimens shail be of uniform.
circular cross section perpendicular 1o the axis of
the specimen. Where pebbles or crumbling result
in excessive irmegulanty along the outside edges
of the specimen or at the ends. pack soil from
the tnmmings in the irregulanties 10 produce the
desired surface. As an alternative, the ends of the
specimen may be capped with a minimal thick-

ness of plaster of panis. hydrostone. or similar -

material. Where soil conditions permit. a vertical
lathe accommodating the towal sample may be
used as an aid in tnmming the specimen 1o the
required diameter. Determine the mass and di-
mensions of the test spevimen in accordance with
5.9 and 5.11. If the specimen is to be capped.
determine its mass and dimensions hefore cap-
ping. Enclose the specimen in the rubber mem-
branc and scal the membrane 1o the sprvimen
base and cap immediately after preparation.

Not1 8—A controlled high-humidity room 1y usu-
ally used for this purpose.

6.3 Remolded Spevimens—Prepare the spevi-
men by first thoroughly working the undisturbed
specimen. which has been tested and is still en-
cased in the rubber membrane. with the fingers.
Then reform the specimen by forming within a
mold having dimensions such that the remolded
specimen dimensions will be equal 1o those of
the undisturbed specimen. Exercise care 10 avoid
entrapping air in the specimen. This will aid in
obtaining a uniform unit weight. in remolding 10
the same void ratio as the undisturbed specimen.
and in preserving the natural water content of
the soil.

6.4 Compucted Spevimens—Prepare  speci-
mens using the compaction method. predeter-
mined water content. and unit weight prescribed
by the individual assigning the test. Compacted
specimens may be prepared by compecting ma-
terial in at least six layers. using a pressing or
kneading action. into a split mold of circular
cross section having dimensions meeting the re-
Quirements of 6.1. Material required for the spec-
imen shall be baiched by thoroughly mixzing soil
with sufficient water to produce the desired water
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content. Afier batching. store the material in a
covered container for at least 16 h prior to com-
paction. Specimens may be moided 10 the desired
density by either: (/) kneading or amping each
layer until the accumulative weight of the soil
placed in the mold is compacied 0 3 known
volume or (2) by adjusting the number of layers.
the number of amps per layer. and the force per
tamp. Scarify the top of each layer prior 10 the
addition of material for the next layer. The
tamper used to compact the material shall have
an area in contact with the soil equal to or less
than ¥ the area of the mold. After a specimen is
formed. with the ends perpendicular to the lon-
gitudinal axis. remove the mold and determine
the mass and dimensions of the specimen using
the devices described in 5.9 and S.11. Perform
one of more water content determinations on
excess matenial used 10 prepare the specimen in
accordance with Method D 2216.

Note 9—1lt 5 common for the unit weight of the
specimen afler removal from the moild 10 be less than
the value based on the volume of the mold. This occuns

as a result of the specimen swelling afler remonal of the
lateral confinement due o the mold.

Nort 10—Expenence indicates that it s difTicult to
compact. handie. and ubtain vahd results with spear-
mens that have a degree of ssturation that s greater
than about 90 %.

7. Procedure

7.1 Place the membrane on the membrance
expander or, if it is rolled onto the specimen. roll
the membrane onto the cap or base. Place the
specimen on the base. Place the rubber mem-
brane around the specimen and seal it at the cap
and base with O-rings or other positive seals at
each end. A thin coating of silicon grease on the
vertical surfaces of the cap or base will aid in
sealing the membrane.

7.2 With the specimen encased in the rubber
membrane. which is sealed to the specimen cap
and bese and positioned in the chamber, assem-
bie the tnaxial chamber. Bring the axial Joad
piston into contact with the specimen cap several
times 10 permit proper seating and alignment of
the piston with the cap. When the piston is
brought into contact the final time. record the
reading on the deformation indicator. During
this procedure, take care not 10 apply an axial
stress 10 the specimen exceeding approximately
0.5% of the estimated compressive strength. If
the weight of the pision is sufficient 1o apply an
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- axial stress exceeding approaimately 0.5 ©e of the
estimated compressive strength, lock the piston

“in place above the specimen cap after checking

the seating and alignment and keep locked until
application of the chamber pressure.

7.3 Place the chamber in position in the axial
loading device. Be careful 10 align the axial luad-
ing device, the axial load-measunng device. and
the triaxial chamber 1o prevent the application
of a lateral force 10 the piston dunng testing.
Atuch the pressure-maintaining and measure-
ment device and fill the chamber with the con-
fining liquid. Adjust the pressure-maintaining
and measurement device to the desired chamber
pressure and apply the pressure 10 the chamber
fluid. Wait approximately 10 min atter the ap-
plication of chamber pressure before continuing
the test.

NoTi | 1=In some cases the chamber wiil he filled
and the chamber pressure applied hefire placement 1n
the axial loading devwce

NOTE 12—=Make sure the piston 13 kehed of held 1n
place by the axial loading devwe befire applying the
chamber pressure.

Nom 13—=The purpune of the wanting penaod 18 (0
aliow the speaimen to sabslize under the vhaminr
pressure pror to 2pphication of the axial load.

7.4 If the axial load-measuring Jesice 1s bo-
cated vutside of the tnaval chamber, the cham.
hur pressure will produce an upward force on the
piston that will react against the aval loading
device. In this case. start the test with the piston
slightly atanve the specimen cap. and hefore the
piston comes in contact with the speaimen ¢ap.
either: (/) measure and record the initial piston
friction and upward thrust of the piston produced
by the chamber pressure and later correct the
measured axial load. or () adjust the arial load-
measuring device to compensate for the friction
and thrust. If the axial load-measuring device is
located inside the chamber, it will not be neces-
sary 1o correct or compensate for the uplift force
acting on the axial loading device or for pision
friction. In both cases record the initial reading
on the deformation indicator when the pision
contacts the specimen cap.

7.5 Apply the axial load 1o produce axial
strain at 2 rate of approzimately 1 %/min for
plastic materials and 0.3 %/min for brittle ma-
terials that achieve maximum deviator stress at
approximately 3 10 6 % strain. At these rates. the
elapsed ime 10 reach maximum deviator stress
will be approximately 15 10 20 min. Continue
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the loading to 15 % axial strain. except loading

may be stopped when the deviator stress has

peaked then dropped 20 % or the axial strain has

reached 5 % beyond the strain at which the peak
_in deviator stress occurred.

7.6 Record losd and deformation values at
about 0.1, 0.2, 0.3, 0.4, and 0.5 % strain; then a1
increments of about 0.5 % strain to 3 %; and.
thereafter at every 1 %. Take sufficient readings
10 define the stress- strain curve; hence, more
frequent readings may be required in the eary
stages of the test and as failure is approached.

NOTE 14—Ahemnste intervals for the readings may
be used provided sufficient points are obxained to define
the stress - strain curve.

1.7 Afer compiletion of the tests, remove the
test specimen from the chamber. Determine the
water content of the test specimen in accordance
with Method D 2216 using the entire specimen,
unless representative cuttings are obtined for
this purpose, as in the case of unditurbed speci-
mens. Indicate on the test report whether the
water content sampiec was obtained before or
after the shear test, as required in 9.1.2.

7.8 Make a sketch. or take a photo. of the test
spevimen at failure and show the slope angle of
the faillure surface if the angle 1s visibie and
mcasurable.

8. Caiculations

8.1 Calculate the axial strain, « (cxpressed as
a decimal). for a given applied axial load. as
follows:
em AL,

where:
Al. = changein length of specimen as read from
deformation indicator. and
1., = imtial length of test specimen minus any
change in lkength pnor to loading.
R.2 Calculate the average cross-sectional arca.
1. for a given applied axial load as follows:

A= .'a/‘l -¢)

where:

e = mutial average cross-sectional area of the
specimen, and

¢« = axial strain for the given axial load (ca-
pressed as 3 decimal).

Nott 15—In the event that the apphcation of the
chamber pressure results in a change 1n the specimen

lengih. .4, should be comected to refllect thrs change in
volume. Frequently. this &8 donc by assuming that

- Lo~ -
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lateral trains are equal 10 vertical strains. The diameter
after volume change would be given by D = Dyl -

AL/Ly

8.3 Calculate the principal siress difference
(deviator siress), ¢, = 1. for a given applied axial
load as follows:

oy =~ 0= PI‘

where: : _

P = measured applied axial load (corrected for
uplift and piston friction, if required see
7.4). and

A = corresponding average cross-sectional area.

8.4 Stress - Sirain Cwrve—Prepare a graph
showing the relationship between principal stress
difference (deviator stress) and axial strain, plot-
ting deviator stress as ordinate and axial surain
(in percent) as abscissa. Select the compressive
strength and axial strain at failure in accordance
with the definitions in 3.2.1 and 3.2.2.

8.5 Correction of Strength Due 1o Stiffness of
Rubber Membrane—Assuming units are consist-
ent, the following equation, or other acteptabie
equations. shall be used to correct the principal
stress difference or deviator stress for the effect
of the rubber membrane if the error in principal
stress difference due to the stiffness of the mem-
brane eaceeds 5 %:

where:
Mg, = ay) = correction to be subtracted frum
the measured principal stress dif-

ference.
b = 44
\/; = diameter of specimen.
Ea = Young's modulus for the mem-
brane matenal,
! = thickness of the membrane. and
N = axjal strain.

8.5.1 The Young’s modulus of the membrane
material may be determined by hanging a 10.0-
mm wide sinp of membrane over a thin rod,
placing another rod along the bottom of the
hanging membrane, and measuring the force per
unit strain obtained by stretching the membrane.
The modulus value may be computed using the
following equation assuming units are consistent:

FL
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where:

£. = Young's modulus of the membrane ma- -

F = force applied o streich the membrane.
Aa = twice the initial thickness of the mem-

h!:nemutupltedbythcw'\dthoft!\e"

membrane stnp.
L = unstretched length of the membrane. and
3L = change in length of the membrane due 10
application of F.
A typical value of E.. for latex membrane is 1400
kN/m*,

Nott 16—The effect of the stiffness of the mem.
branc on the lateral stress 13 wsually assumed to he
ncgligibic.

Narti 17—The correction for rubher membranes is
hased on umplified assumptions concerning therr be-
havior dunng shear. Their actual hehavior s compier
and there 13 Ot 3 consensus o More e1act corrections.

8.6 Calkculate the major and minor principal
total stresses at failure as follows:
ay = minor pnncipal total stress = chamber

' pressure. and
e, = major principal total stress = deviator
stress at failure plus chamber pressure.

8.7 Caiculate the initial degree of saturation
of the test spevimen using the initial mass and
dimensions.

Nou [X—=The speuific gravity determined i ac-
cordance wmith Test Mcthod D 854 13 required for cal-
culation of the degree of saturation, of an assumed

value may he used pruvided it 1s noted in the test repon
that an assumed valuc was used.

9. Report

9.1 The repon shall include the following:

9.1.1 ldentification and visual description of
specimen, including soil group name, symbol,
whether specimen is undisturbed, remoided, or
compacted, and the like. Also include specimen
identifying information, such as project, location,
boring number, ample aumber, depth. and the
like. Visual descriptions shal! be made in accord-
ance with Practice D 2488, '

9.1.2 Initial dry unit weight and water content
(specifly if the water content specimen was ob-

lamcd bcforc or after the shear and from cuttings
or the entire specimen).
"~ 9.1.3 Degree of saturation.
-9.1.4 Height and diameter of the specimen.
" 9.1.8 Height 10 diameter ratio.

9.1.6 The value of the compressive strength
and the values of the minor and major pancipal
stresses at faure.

9.1.7 Stress - strain curve as descnbed in 3.4,

9.1.8 Axial strain at failure, in percent.

9.1.9 Average rate of axial strain 10 falure,
percent per minute.

9.1.10 Liquid and plastic hmits. if deter-
mined. in accordance with Test Method D 4313,

9.1.11 Sketch or photo showing type of fail-
ure. that is. bulge. diagonal shear, and the like.

9.1.12 Panticle-size analssis. if determined. in
accordance with Method D 322

9.1.13 If a membrane correvtion was used. the
repont shall state that a membrane correction was
used o adjust the compressive strength and must
indicate the membrane correction equation that
was used.

9.1.14 In a remarks scvtion note any unusual
coaditions or other Jdata that would be considered
nvessan to properly anterpret the nesults ob-
tained. for example. shohensides. stratification.
shells. pebbles. roots. or battiencss,

10. Precision and Bias

10.] No method presently exists 1o evaluate
the precision of a group of triaxial compression
tests on undisturbed specimens. due to specimen
variability. Undisturbed soil specimens from ap-
parently homogeneous soil deposits at the same
location often exhibit significantly different
strength and stress - strain properties.

10.2 A suitable test material and method of
specimen preparation have not been developed
for the determination of laboratory variances of
compacted speaimens due to the difficulty in
producing identical cohesive soil specimens. No
estimates of precision for this test method are
available.
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1. Scope .

1.1 This test method covers the determination
of the coefficient of permeability by a coestant-
head method for the laminar Sow of water
through granular soils. The procedure is 10 estab-

lish representative values of the coefficient of .

permesbility of granular soils that may occur in
nstural deposits as placed in embankments, or
when used as base courses under pavements. [n
order (o limit coasotidation influences during
ftesting, this procedure is limited to disturbed
granular soils containing not more than 10 % soil
pessing the 75-um (No. 200) seve. -

2. Applicable Docaments
2.1 ASTM Swandards:
D422 Method for Particle-Size Analysis of
Sails’
" D2049 Test Method for Relative Dezsity of
Cobesionless Soils’

3. Fendamental Test Conditions

3.1 The following ideal ter cooditions are
prerequisites for the laminar flow of water
through granular soils under constant-hesd con-

3.1.1 Coatinuity of flow with bo sod volume
change during a test, :

3.1.2 Flow with the s0il voids saturated with
water and no air bubbles in the soil voids,

3.1.3 Flow in the steady state with no changes
in hydraulic gradient, and

3.1.4 Direct proportionality of vedocity of flow
with hydraulic gradients below certain values, at
which turbuicat low starts.

3.2. All other types of flow iavolving partial
saturztion of soil voids, turbuleat fiow, and un-
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. steady state of flow are transient in character and
yield variabie and time-dependent coefficients of .

permesbility; therefore, they require special test
coonditions and procedures.

4. Appanates

4.1 Permeameters. as shown in Fig 1, shall
have specimen cylinders with minimum diame-
ters approximately 8 or 12 times the maximum
particle size in accordance with Table 1. The
permeameter should be fitted with: (/) a porous
disk or suitable reinforced screen at the bottom
with 2 permeability greater than that of the soil
specimen, but with openings sufficienty small
(pot larger than 10 % finer size) to prevent move-
ment of particles; (2) manometer outiets for
measuring the loss of head, A, over a length, /, .
equivalent 1o at least the diameter of the cylinder:
(J3) a porous disk or suitable reinforced screen
with a spring attached to the 1op, or any other
device, for applying a light spring pressure of 22
to 45N (5 to 10-0) total load, when the top
plate is attached in place. This will hold the
placement density and volume of s0il without
significant change during the saturation of the
specimen and the permeability testing to satisfy
the requirement prescribed in 3.1.1.

4.2 Consiant-Head Filter Tank. a3 shown in
Fig |, o supply water and to remove most of

! This et method it wadw the jurindiction of ASTM Com-
mive D-18 on Soil sad Rock sad & the direct renpoasibulicy of
Setcommicse DI04 on Hydrologic Properties of Soi and
Rocks.

Currens oditioa spproved Sage. 13, 1968, Originally mmend
1965. Repiacm D 2434 - 43 T.

3 Annal Boak of ASTM Senderds. Vel 04.08.

1 Diacostavad—Sae /982 Al Bouk of ASTM Senderds.
Part 19,
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the air from tap waser, fitted with sujtable costrol
valves 10 maintin cooditions described in 3.1.2.

NoTz 1—De-eired water may be used if prederred.

4.3 Larpe Funnels, fitted with special cytin-
drical outs 25 mm (1 in) in dizmeter for 9.5
m(M)mnmm:zwudsndBnm
('An.)mdameerforz.w-m(&m)
mam size particles. The leagth of the spout
should be peaer than the full leagth of the

chamber—at leat 150 mm (6 in).

4.4 Specimen Compaction Equipment’—
Compaction equipment as deemed desirabie may
be wsed. The following are suggesied: 3 vibrating
!ampaﬁuedmthaummbaﬂmuu)
in diameter; a sliding tamper with 2 amping foot
S1 mm (2 in.) in diameser, and & rod for sbding
wesghts of 100 g (0.25 i) (for sands) to | kg (2.25
Ib) (for soils with 3 larpe gravel content), having
an adjustable heaght of drop 10 102 mm (4 in.)
for sands and 203 min (8 in.) for soils with large
gravel contents.

4.5 Vacuum Pump or Water-Faoucet Aspirator,
for evacuating and for saturating soil specimens
under full vacuum (see Fig. 2).

4.6 Manometer Tubes, with mewic scales for
messuring head of water.

4.7 Balance, of 2-kg (4.4-b) capacsty, sensitive
0! §(0.002 Bb).

4.3 Sroop, with a capecity of about 100 g (025
B) of soil.

4.9 Miscellaneous Apperaius—Thermome-
ters, clock with sweep second hand, 250-ml
gracduste, quart jar, mixing pan, e

5. Semple

5.1 A represeatstive sample of air-dried gran-
uler 30il, contzining jess than 10 % of the mate-
rial passing the 75-um (No. 200) sicve and equal
© aa xmount mufficient to musfy the require-
ments prescribed in 5.2 and 5.3, shall be selecsed
by the method of quanering.

$2 A sicve analysis (See Method D 422) shall
be made on & represeatative mmpie of the com-
piewe sail prior 10 the permeability test Any
particies larger than 19 mm (% in.) shall be
separated out by sieving (Method D 422). This
oversise material shall act be weed for the perme-
_shility test, but the percestage of the oversze
material shall be recorded. :

Notz 2—ia csder 10 atinblish valems
AR
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exit i the stustos being investigated, sampies of the
finer, aversge, and coaryer sous- shouid be obtained for
ting. -

$.3 From the material from which the oversize

has been removed (see 5.2), select by the method
of quanering, a sampie for testing equal 10 an
amount approximately twice that required for
filling the permeameter chamber.

6. Preparstien of Specimens

‘6.1 The size of permeameter 1o be used shall
be 23 prescribed in Table 1.

6.2 Make the following initia] mezsurements
in ceatimetres or square centimetres and record
on the data sheet (Fig. 3); the inside diameter, D,
of the permeameter; the length, L, berweea ma-
pometer outlets; the depth. M|, measured at four
sytametrically spaced points from the upper sur-
face of the op plate of the permeability cylinder
10 the 10p of the upper POrous SI0ne of xTeea
temporarily placed on the lower porous plate or

screen. This automatically deducts the thickness

of the upper porous plate or screen from the
height measurements used 10 determine the voi-
ume of soil placed in the permeability cylinder.
Use a dupbcate top plate containing four large
the mecesary ts can be made 0
desermine the average value for H). Calculate the
crom-sectional area, A, of the specimen.

6.3 Take 1 small porticn of the ample -
lected as prescribed in 5.3 for water coatent
determinations. Record the weight of the remain-
ing air-dnied sampie (see 5.3}, W), for unit weight
determinstions.

6.4 Place the prepared so0il by one of the fol-
lowing procedures in uniform thin layers approx-
imately equal in thicknews after compecson w0
the maximum size of particle, but not less than
approximatety 1S mm (0.60 in.).

6.4.! For soils having a maximum size of 9.5
mm (3% in.) or lexs, place the appropriate size of
funnel, as prescribed in 4.3, in the permeahnlity
device with the spout in coatact with the lower
porous plate or screes, or previously formed
layer, and fill the funnd with sufficient sall to
form s layer, taking soil from different aress of
the sampie in the pan. Lift the funnel by 15 mm
(0.60 in.), or approximatety the unconsolidated
Inyer thickness 10 be formed, and spread the soil

with a slow mpina] motion, working from the |

perimeter of the device toward the center, 30 that




lmﬁmhﬁlformd.lu'm&wilmm
paa for each successive lxyer 1o reduce segreps-
tioa caused by taking soil from the pes.

642 Fona‘hmamnmmmmm

thas 9.5 mm (% in.), spread the sl from 8 scoop.
Uniform
scoopful of soil in a nearly horizoatal position
down slong the inside surface of the device 10
the botiom or 10 the formed layer, thea tiking
hmmm:&wmmm
a single slow motion; this allows the soil 1o run
smoothly from the scoop in a windrow without
segregation. Turn the permeability cytinder suf-
ficiently for the next scoopful, thus progressicg
sround the inside perimeter to form a saiform
compacted layer of a thicknes equal 10 the max-
imum particie size.

6.5 Compect successive layers of sail 10 the
desired relative density by spproprisie proce-
dures, as follows, o0 a height of abost 2 cm (0.8
in.) above the upper manometer outiet

6.5.1 Minimum Density (0% Relative Den-
Sity)—-Continue placing lsyers of soll in succes-
sion by one of the procedures described in 6.4.1
or 6.42 untl the device is filled to the proper
level

6.5.2 Maximwn Density (I00% Relative

Densicy):

- 6321 Compaction by Vibrating - Tamper—
Compact each layer of soil thoroughly with the
vibrating tsmper, distributing the Light tamping
action uniformly over the surface of the layer in
a regular pstiern. The pressure of contact and
the length of time of the vibrating action at each
spot should not csuse sail to escape from beneath
*  the edges of the tamping foot, thus seading to
- Joosen the layer. Make a sufficient aumber of
coverages to produce maximium density, a3 cvi-
* denced by practically no visible motion of surface
mu adjacent 10 the edges of the tamping

6.5.22 Compaction by Sliding Weight

surface of the layer. Adjust the height of drop
Muwnﬁaﬂmmmm
. mum deasity, oo the coarseness and
gravel content of the soil.

6.5.2.3 Compaction by Other Methods—
Compactioa may be accomplished by other ap-
proved methods, such as by vibratory pacler
equipment, where care is taken to obtain a uni-
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DM
form specimen without segregation of particle
sizes (See Text Method D 2049).

6.5.3 Relative Density Intermediate Berween
0 and 100 %—By trial in 2 separate costainer of
the same dismeter as the permeability cylinder,
adjust the compaction 10 obtsin reproducibie
values of relstive density. Compact the soil in the
permesbility cyfisder by these procedures in thin
layers 10 3 beight about 2.0 cm (0.90 in.) above
the wpper manometer outiet

Norz 3—Ia order 10 bracket, symematically aad
may govere in astural deposits or s compacwed em-
beakments, & series of permcebility wsts showid be
meade 10 bracket the range of ficid reistive deasities.

6.6 Preparation of Specimen for Permeability
Ten:

6.6.1 Level the upper surface of the soil by
placing the upper porous plate or screen in posi-
tion and by rotating it gently back and forth.

6.6.2 Measure and record: the final height of
specimen, H, — H», by measuring the degeh, H;,
from the upper surface of the perforated top plate
employed 10 messure H, 10 the 1op of the upper
poroms pixte or screen at four symmetnically
spaced points afler compressing the spring hightly
0 seat the porous pixte or screen during: the
memrements;, the final weight of sir<dried sail
used in the text (W, — B;) by weighing the
remainder of soil, W), lef? in the pan. Compute
ative density of the test specimen.

6.6.3 With its gasket in place, press down the
top plste against the spring and attach it securely
to the top of the permeameter cylinder, making
an air-tight seal. This sutisfies the condition de-
"scribed in 3.1.1 -of boiding the initial deasity
fost.

6.6.4 Using a vacuum pump or suitable aspi-
rator, evacuate the specimen under 50 am (20
in.) Hg minimum for |5 mia 0 remove air
adhering to 30il particles and from the voids
Follow the evacustion by a slow ssturatica of the
specimen from the bottom upward (Fig. 2) under
full vacuum in order 10 free any remaining sir in

. the specimen. Continued saturstion of the spec-
imen can be maintained more adequstely by the
md(l)duuedm.a())mm
in an in-flow wemperature sufficieatly high 1o
cause 8 decressing temperafure gradient in the
specimen during the text. Native water or water

8-12




of low mineral contest (Note 4) should be used
for the test, Mt in say case the fluid should be
dexcribed on the report form (Fig. 3). Thus satis-
fies the condition described ia 3.1.2 for sturation
of s0il voids. .
NUnkN&n-&lhmmnm
rock or soil in sirn. it should b wesd i pomsible, bt &
(28 well 33 de-aired wamr) mey be 3 refiacment act
ordinarily feanbie for large-scaie prodection tesing.

6.6.5 After the specimen has been satursted
and the permeameter is full of water, close the
bottom valve oo the outlet tube (Fig 2) and
disconnect the vacuum. Care should be takea to
ensure that the permeability fliow sysiem and the
- manometer system are free of air and are working
satisfactorily. Fill the inlet tube with water from
the constant-head tank by slightly opening the
filter tank valve. Then coanezt the inlet tube to
the top of the permeameter, . ven the inlet valve
slightly and open the manow.zter outlet cocks
slightly, to allow water 1o flow, thus freeing them
of air. Connect the water manometer tubes to
the manometer outles and fill with water to
remove the air. Close the inlet valve and open
the outlet valve 10 allow the water in the manom-
eter tubes (0 reach their stable water level under
2evo head.

7. Precedure

7.1 Gpen the inket valve from the filter tank
slightly for the first run 10 conditions dexcribed
in 3.1.3, delay measurements of quantity of flow
and heat until a3 stable head coadition without
appreciable drift in water masometer levels is
sttained. Measure and record the time. /, bead. 4
(the difference in level in the manometers), quan-
tity of flow, Q, and water tempersture, 7. -

7.2 Repeat tef nirs ot heads incressing by 0.5
cm in order to establish accurstely the region of
laminar flow with velocity, v, (where v =-Q/A1),
directly proportioaal 10 Aydraulic gradient, i
(where j = A/L). When departures from the linear
tica of turbulent flow coaditions. |-cm intervals
of head may be used 10 carry the test run suffi-
_ ciently along in the region of turbulent flow to

define this region if it s sgAificant for fleld

Note $—Much lower values of bydrasiic gradient,
AL, sve requived thas graenally recogaiaed, is order ©
are sggenedt: locer compactaess ratiags, A/L from 0.2
50 0.}, sad dewer compactaess ratiags. A/L from 03 w0
0.5, the jower values of A/L spplyitag 1© coarsr wils
and the higher values 10 Saer soils.

7.3 Mthemmdthepcmﬁqm

isotropic in characier. Aay bight and dark aher-
asting horizoatal streaks or Iyyers are evideace
of segregation of fines.
. .
8.1 Calculate the coefficient of permeability,
k. as follows:
k= QL/Ath

where:
k = coefficent of permeability.
= quantity of water discharged,
_distance between manometers.
crom-aectional area of specimen,

total time of discharge,
differeace in head o manometers

$.2 Correct the permeability 10 that for 20°C
(68°F) by muahiplying k (sce $.1) by the ratic of
the viscosity of water st et iemperature to the
viscosity of water at 20°C (63°F).

9. Repert

9.1 The report of permeability lex shall in-
clude the following information:

9.1.1 Project, dates, sample number, locstion,
depth, and any other pertinent information,

9.1.2 Grain size analysis, classification, maxi-
mum particie size, and percentage of any oversize
material pot used,

9.1.3 Dry unit weight, void ratio, reistive den-
sity as piaced, and maximum and minimum
scositic )

9.1.4 A statement of any departures from
these test conditions, 30 the results can be eval-
uated and used,

9.1.5 Compicte test data, as indiczted in the
laborstory form for test data (see Fig. 3), and

9.1.6 Test curves plotting velocity, Q/AL, ver-
sus hydraulic gradient, A/L, covering the ranges
of soil identifications and of relative deasities.

>~ a0
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28-42 Falling-Head Method

28-42.1 PRINCIPLES

A diagram of the system used for measuring the hydraulic conduc-
tivity by the falling-head method is shown in Fig. 28-9. With a hydraulic
head difference, H, across the sample, the volume of water dV that passes
through the sample in time 4! is given by

dVjdt = —K(H/L). (9]
The differendal volume of water, d¥, may be replaced by adH, where a

is the cross-sectional area of the standpipe. Integrating between limits ¢,.
H, and 1,, H, and solving for the conductivity yields the result

ST

o - - ——

.o st.u-\dnl”\‘ N,

Overflow =

Fig 23-9. Falling-bead sysiem for measuring bydraulic conductivity. L is the length of e
soil sample, d is the diameter of the sandpipe, dH is the change of hydraulic bead that
occurs in time dr, M is the hydraulic head difference acroas the sample at time & H\
the initial and K. is the final hydraulic head difference.



K = (aL/A1) log. (H/HY) 10]
whcre'A xs the cross-sectional area of the sample.

28-4.2.2 APPA.RATUS

The actual form of the apparatus may be quite varied One possible
arrangement is shown in Fig 28~10. The support for the sample should
have 2 high conductivity relative to that of the soil. A suitabie screen,
gauze, or cloth barrier may be fastened to the bottom of the sample
cylinder, or a very high conductance porous stone such as those used in
consolidation apparatus, may be used. The diameter of the standpipe
should be chosen so that an easily measured change in head will occur
in a reasonable time, say between | and 100 min. The required tube
diameter may be estimated from

d = (Kt D*/L (log. H))]'? (11]

using appropriate values for the soil sample length, L, the diameter of
the sample, D, the time, ¢, the hydraulic head ratio, H, = H\/H,, and
the conductivity, X With standpipe 2 cm in diameter and a soil sample
with a diameter of 7.5 ¢cm, a length of 5 cm, and a head ratio of 1.1, the
largest conductyvity that can be measured, using 2 fall time of 1 min, is

Standpipe
\
1T H
Ky
b
Water
Overtiow * M Reservoir
: M2
ﬂ-- ~d..d
] C—
High ‘<\r’5\;">: ¢
- e,
Conductance :“"‘ sl| O-Rings
Plate PPy, /
AR\
[
Three-Way
Stopcock
g

Fig. 28-10. Apparatus for measuring hydraulic conductivity by the falling-head method.



about 1 X 1072 em/s. The practical range of diameter for the standpipe
is 0.2 t0 2 cm. If the fall time is limited to 100 min or less and a standpipe
with a diameter of 0.2 cm is used, the smallest X that can be measured
is about 1 X 10-7 em/s. This corresponds approximately 10 the lower
limit of conductivity of silts and coarse clays.

28-423 PROCEDURE

The procedure given here is based on the apparatus shown in Fig
28-10. If other falling-head apparatus is used, appropriate modifications
in procedure will have to be made.

I. Install the end caps on the sampie in its retaining cylinder, and we:
the sampies by supplying water to the bottom of the sample through
the three-way stopcock and the lower porous plate. If complete rather
than “patural” satwration of the sample is desired, the samples must
be wetted under vacuum or by CO--deaerated water flushing (see com-
ments on method of wetting in section 28-4.1.5).

2. Fill the space above the sample up 10 the overflow with water. This
may be done by flow upward through the sample, or by introduction
of water with a pipet or syringe at the top of the sample. A 50-mL
bhypodermic syringe firted with a large needle may conveniently be

_ used for this purpose.

3. Establish a2 water level in the standpipe somewhat above the level
chosen for H), by introducing water through the three-way stopcock.
The stopcock may be closed to hoid the water in the standpipe until
everything is ready to make the flow measurements, '

4. Connec: the standpipe to the sample by opening the stopcock, and

measure the time for the water level to fall from X, to H..

. Additional measurements may be taken by repeating steps 3 and 4.

When the flow-rate measurements are finished, drain the excess water

from the top of the sample and adjust the level of the water in the

standpipe to the top of the sample.

7. Remove the end caps from the soil core, and transfer the soil into 2
moisture can. Determine the wet weight of the soil sample, W,. Obuin
the oven-dry weight of the sample, W,

o W

28-4.24. CALCULATIONS

Calculate the hvdraulic conductivity from Eq. (10].
Calculate the volumetric water content from

- 8 = (W, — WH(.V).
Calculate the bulk density from
dy= WJY,.



28-425 COMMENTS

Most of the comments made in section 28-4.1.5 on the constant-
bead method of determining saturated hydraulic conductivity also apply
10 the falling head method.

The experimental arrangement shown in Fig 28-8 may be used for
either falling-head or constant-head measurements.

Conductivity measurements in relatively impervious materials (K <
" 1 X 1077 em/s) require excessively long measurement times with a stand-
pipe of reasonable diameter. The conductivity of such materials may be
measured by replacing the standpipe with a pressure transducer (Over-
man et al, 1968; Nightingale & Bianchi, 1970; Remy, 1973). The volume
change per unit pressure change of many transducers is reasonably con-
stant over a certain range of deformation of the diaphragm of the trans-
ducer. The volume change per unit pressure head change of the standpipe
of a conventional falling-head system, Le., its cross-sectional area, may
be replaced by the reciprocal of the gauge sensitivity of the transducer,
S, in the formula for calculating conductivity by the falling-head method

K = (L/A1S) log, (H/HY. [12]

Because the volume change per unit pressure change of many transducers,
especially the diaphragm type, is generally smaller than that for a stand-
pipe, the range of measurement of X may be extended to much lower
values. However, certain precautions must be observed. Deformation of
the apparatus and sample with changing pressure must be kept 10 2 min-
imum. Unconfined samples of materials that have conductivities low
enough that this method could be used will generally exhibit a change in
consolidation with change in water pressure, thereby complicating the
interpretation of the transducer response.

28-4.15 COMMENTS

The soaking procedure given above to wet the samples will. pot com-
pletely saturate them. Air will be trapped in the pores, and will tend 10
disappear slowly as deaerated water is passed through the sample. The
degree of saturation obtained in the sampie can be estimated by com-
paring the volumetric wue; content with the total porosity calculated
from the bulk and particle densities. ) )

The degree of saturation obtained by soaking may be representative
of that obtained in situ when a soil is flooded with water, and may be
called the natural saturation. The term satiated has also been used for
this state of wening If the conductivity at total saturation is desired. 2
vacuum wetting procedure may be employed (see chapter 26 for details).
The samples may also be wetted 10 complete.samnuon by flushing them
with carbon dioxide, followed by wetting with deacrated water. Aﬁer.lal
few pore volumes of water have passed through the sample, the CO: v{l¢
be dissolved in the water and the pore space will be filled wx_th hqut
This procedure works well with coane-tcxtprgd samples. Precautions muls:
be taken to prevent the introduction of air into the pores of the s:un'.l;l ‘
afier flushing with CO, and before wetting with water. In some cases, e
CO, deacrated water flushing procedure may be undcanbl;, .beausc“d
the acidic solution that is formed when the deaerated water is introdu
into the sample. . )

A wide gn;e of conductivity values will be encountered in ngl;k‘-
Figure 28-6 shows the magnitudes of conducuvity to be expected

range of materials.
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Fig 28-6. Hydraulic conductivity of various materials at saturation.

The Darcy equation is not valid for all low in porous media. Analysis
of the various forces acting on the water passing through a porous medium
shows that the Darcy equation should be valid when the inertial forces
on the fluid are negligible compared to the viscous forces (Hubbert, 1957).
As a3 practical marter, such a condition will prevail in silts and finer

- materials for any commoaly occurring hydraulic gradieat found in nature.
In sands, especially the coarser sands, it will be necessary to restrict the
hydraulic gradient to values less than about 0.5 to 1 to0 apply the Darcy
equation. The range of validity of the Darcy equation can be demon-
strated by measuring the flux density resulting from a series of applied
gradients. The result should be a linear relation between the flux density
and the hydraulic gradient. If the applied gradient is too large, the re.
sulung flux density will be less than that predicted by the Darcy equanon,
using a conductivity calculated at low hydraulic gradients.

Swartzendruber (1969) discusses a number of reasons for deviations
from the linear relation between flux density and gradient Deviations
have been observed, particularly in finer textured materials at low gra-
dients. Some of these deviations have been traced to experimental prob-
lems, but in other cases no such explanation could be found. Non-New-
tonian behavior of the fluid phase, changes in the soil matrix under flow,
and electro-osmotic effects are some of the possible reasons for noapro-
portional behavior. ’

In many practical problems, nonproponionzl behavior is of little
consequence, especially if the expenmenul error is large enough to mask
the nonproportionality. If there is reason to doubt the applicability of
the Darcy equation, tests should be made to determine its vahdxty Ex-
tremely large hydraulic gradients should be avoided, if possible, in con-
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Fig 28-7, Experimental arrangement for measuring hydraulic conductivity at low hydrautic
gradient

ductivity measurements if such gradients are unlikely to be encountered
in the situations where the data are to be applied.

With the simple constant-head apparatus described above, the mez-
surement error of the volumetric flow rate will become appreciable at §
mL/h or less. If the sample has a diameter of 7.5 cm and the hydraulic
gradient is about 1.5, this corresponds to a conductivity of approximately
2 X 10~* em/s. This indicates that a more sensitive method of measuring
the volume flow rate is required for samples with low conductivity, or
that another method must be used, such as the falling-head method de-
scribed in section 28-4.2. The simple constant-head apparatus described
above is not suitable for samples with very high conductivities, because
the siphon tubes cannot deliver water fast enough 10 maintain a constant
head of water on the sample. In such cases, an arrangement with hydraulic
gradient less than unity, as shown in Fig. 28-7, may be used.

A more elaborate system for measuring conductivity may be war-
ranted for studies of the physical principles of flow. The system for the
steady-state measurement of the conductivity of unsaturated soil, de-
scribed in section 28-5.1, may be used for the measurement of the con-
ductivity of saturated soil. An alternative system is shown in Fig 28-3.
If 2 porous plate with a high conductance relative to that of the soil
sample cannot be found for the lower end of the sample, it is better to
install piezometers at two points along the axis of flow in the sample and
calculate the bydraulic gradient for the sample section defined by the
position of the tensiometers. The hydraulic head of the water in the
piezometers may be measured with water manometers, but‘a more ac-
curate measurement of the hydraulic gradient can be obtained with a
differential pressure transducer connected between the two piezometess.
The time required for the system 1o attain steady state is shorter for 2
transducer sysiem than for a manomaeter system.

An alternative to the use of piezometers in the soil is to measure the
bead loss across the soil-plate system and correct for the conductance of
the plate. The plate conductance, k,, is defined by
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ky = (V/A1)/aH 7

where AH is the hydraulic bead difference across the plate, and V' is the
volume of water passing through the plate of cross sectional area 4 in
time ¢.

A separate measurement of the plate conductance is made. The con-
ductivity of the soi]-plate system, <, is then measured, and the con-
ductivity of the soil, X, is alwlated from

K =L /(LK = 1/k,) (8

where L, is the thickness of the combined soil-plate system, and L is the
thickness of the soil sample. In this procedure, it is assumed that the
conductance of the plate does not change from the time that it is measured
separately until it is used in the composite measurement, and that no
significant contact resistance between the soil and the porous plate is

present. The factor 1/k, which is the resistance of the plate, should be
less than about 10% of L/&X.

An appreciable error may be made in the measurement of low flow
rates due to variations in the degree of “holdup™ of water on the waljs
of a measuring buret. Evaporation losses also become relatively more
significant. Precautions should be taken to minimize these errors when
the flow rate is low. The movement of a meniscus in a clean horizontal
calibrated tube may be used for low flow rate measurements with the
flow cell shown in Fig 28-8. The use of a short bubble (<! em) in 3
calibrated tube is subject 10 possible error due 10 water bypassing the
_ bubble, and is not generally recommended.
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ATTACHMENT 1

. Determination of organic carbon(%) in soil, using sub-aliquots of
air-dried soil, passed through a 100 mesh to 140 mesh screen. All of the
sub-aliquot must pass the screen. Applicable organic carbon concentration
range of interest is 0.1% to 2% (or larger) in soil, (dry weight basis).
Laboratory may report lower concentration values.

Test procedures used for determining soil shall be the’dry combustion
(resistence furnace), 2) Dry combustion ?1nduction furnace), 3) Dry combusiton
(automzted methods), or 4) Wet combustion (combustion train) methods of
analysis specified by Table 29-1 of “Methods of Soil Analyses," Part 2 -
Chemical and Microbiological properties, 2nd ed., 1982, American Society of
Agronomy, and Soil Science Society of America, Madison, Wisconsin. Copies
of this copyrighted material are not being provided, because no laboratory
doing organic carbon analysis of soil should be without it.

Any automated dry combustion test procedure used must provide results
consistent with the other 3 methodologies and must be consistent with the
requirements of Chapter 29, Sections 29-1, 29-2, and 29-3, “"Methods of Soil
Aralysis" (MSA) Part 11, 2nd ed., as appropriate. Soils can be calcerous
or noncalcerous soils, with varying amounts of organic carbon. Soils
determined may be subsurface as well as surface soils. If peat or muck
soils are ever encountered, the laboratory will provide with the case
narrative, limitations of any sample results and any solutions to problems
encountered. This is also true for any other problem sample types encountered.

The laboratory, providing organic carbon analysis data, will provide
information with the case narrative concerning methodology, instrumentation,
and specific QA practices used for the set of soils tested. Requested in-
formation is detajled in items #8, and #9 of this SAS.



ATTACHMENT 7
Analytical Methods - Organic Carbon in Soil

Sample Preparation: Representative sub-aliquot of air-dried soil
(see % solids SAS) screened through 100 or 140 mesh as appropriate.
A1l of the sub-aliquot must pass this screen.

Test for Presence of Inorganic Carbon, MSA, Part II, Section 29-3.3.1.
Place finely ground soil on a spot plate, and moisten with a few drops
of water. Add 4 N HC1 dropwise to the wetted sample and aobserve any
effervescence. Allow sufficient time for dolomite to react (-5 min).
If inorganic carbon is absent proceed with Total Carbon in items #7c,
or 7d below. If inorganic carbon is present, or the test is not
definitive, proceed with tiens #7e, 6 #7f prior to Total Carbon °
measurements of Item #7¢ or #7d.

Total Carbon (Dry Combustion), MSA, Part 1I, Section 29-2.2.2. Use
this as a guide for instrumental specifications. Instrument must test
solid sample directly. Illustrative examples of this methodology are:

1) Total Carbon (Dry Combustion - Medium Temperature Resistance
Furnace), MSA, Part 11, Section 29-2.2.3.

2) Total Carbon (Dry Combusiton - High Temperature Induction
Furnace), MSA, Part II, Section 28-2.2.4.

3) Total Carbon (Dry Combusiton - Other Instrumental Methods), MSA,
Part II, Section 29-2.2.5. Any other instrumentation such as
this must be justified and provide results as precise and
accurate as the results from Sections 29-2.2.3, and 29-2.2.4.

Total Carbon (Wet Digestion), MSA, part II, Section 29-2.3.2 Soil digested
in 60:40 mixture of sulfuric acid and phosphoric acid (containing KpCr07).
C02 evolved is absorbed and weighed, or absorbed in standard base and
titrated.

1) Specific examples are found in MSA, Part II, Figure 29-2,
Figure 29-3, and Section 29-2.3.3.

Pretreatment prior to Dry Combustion, MSA, Part II, Section 29-3.3.3.
Inorganic carbon is removed by treating sample in a combustion boat,
with 5% sulfurous acid (H2S03). After several hours, remove the
excess H2503 by leaving overnight in an evacuated dessicator. Read
citation for further details.

Pretreatment prior to Wet Digestion, MSA, Part I, Seciton 29-3.3.2.
Inorganic carbon is removed by sulfuric acid - ferrous sulfate reagent
in apparatus used for total carbon (Wet Digestion) prior to Total
Carbon measurement. See citation for further details.

- (cont. next page) -



9.

ATTACHMENT 7 ( Cont.)

Use only the methods specified above or obtain approval of CPMS,

CRL prior to use of other method. Test procedure description, and
description of specific measurement principles including equivalency
to each of the 10 items of Figure 29-1 of MSA, part Il and sample
pretreatmenst of Section 29-3, MSA, Part II.

Laboratory performing Total Carbon determinations must use and have
a recognized procedure for removal of any inorganic carbon in sample.



ATTACHMENT 8

A variety of apparatus, instrumentation, sample preparation systems
and read-outs can be used. It is the responsibility of the laboratory to
provide appropriate QC audits and QC data with each set of samples tested.

If instrumentation requires calibration, provide calibration curve,
including zero concentration standard and preparation blanks. Provide
positive control (a test sample prepared independently from calibration
standards) that provides a measure of accuracy of system. This should be done
for all systems including grarmetric read-outs.



ATTACHMENT 9
Analytical Results Required

As part of Case Narrative, attach description of test procedure and
instrumentation used for measurement of Total C and removal of any Inorganic
C. Test procdure description must include sufficient information that the
nature of specific analytical result deliverables can be determined including
QC audits. In Case Narrative, discuss any problem type samples (including
peat or muck soils), limitations on any sample results, and soultion taken to .
resolve any problems. A sample preparation log will be provided, as appropriate.

Bench record tabulating any order of any sample weights and tare weights
of absorbed C0p, instrument calibrations, blanks, QA audits, etc., must be
provided along with copies of any worksheets used to calculate results. In-
clude copies of any instrument readouts. All must be legible. Report results
as % organic Carbon on a dry weight basis (103-105°).
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APPENDIX C

SAMPLE BOTTLE CLEANING PROTOCOLS



Table C-1

Bottle Cleaning Requirements
Himco Dump RI/FS
Elkhart, Indiana

Cleaning .

Container Protocol QC Analyses
120 ml wide mouth glass vials A TCL VOA
40 ml glass vials with Teflon
septa
80 oz amber glass bottles B TCL BNA
liter amber glass pottles and PCB/P
8 oz clear glass jars B TAL metals
liter polyethylene bottles c TAL metals
250 ml polyethylene bottles Cyanide

ARCS/P/HIMCO/AD3



Protocol A (volatile organics)

. wash glass vials, teflon-backed septa, teflon liners, and caps in hot
tap water using laboratory grade non-phosphate detergent

. rinse three times with tap water

. rinse three times with ASTM Type 1 deionized water

i oven dry vials, septa, and liners at 125 degrees Celsius

. allow vials, septa, and liners to cool to room temperature in an
enclosed contaminant-free environment

. seal vials with septa and cap

. each case of 72 tested for TCL volatile crganics, test results included
in case

Protocol B (extractable organics, metals)

. wash glass bottles, teflon liner, and caps in hot tap water laboratory
grade non-phospnate detergent

¢ rinse three times with tap water

. rinse 1:1 nitric acid (metals-grade HNO3, ASTM deionized water)

¢ r:nse three times with ASTM tvpe 1 deicnized water and dry

. rinse witn pes=:cZice crade mezhvlene chlcride -r hexane

¢ oven dry at 123 cecrees Ce.s:us, a.lIw to cocl =0 rcom temperature irn
an enclosed c¢entaminant-Iree envircrnment

. piace liners :n _ids and cap contalners

. each case of 12 tested for TCL extractable organics, TAL metals, test
results :nciuded in case
Protccol C {(meta’s, cvyanide)

. wash polyethylene bottles and caps irn hot tap water with laboratory
grade non-pnospnhate detergent

y rinse with 1:1 nitric acid (metals-grade HNOj;, ASTM deionized water)
. invert and air dry in contaminant-free environment

* cap octtile

. each case cf 12 tested £2r TAL mezals and cvanide, -est results

included in case

Protocol C cleaned botrtles will also be used for collection of BOD, COD,
chloride, sulfate, TSS, TDS, alkalinity, TP, TKN, NH3, NO, + NO3, and bromide.
Testing of each case cf 12 for these parameters will not occur. Bottle
cleanliness will be assessed by £iiiing one bottle ¢f each lot with distilled
water and submitting to the SAS laboratories with the field samples for
analysis.

ARCS/P/HIMCO/ADY



APPENDIX D

FIELD METER CALIBRATION PROCEDURES

HNU Model PI 101

Fisher Accumet Model 955

Cole Parmer Model 4070 Conductivity Meter

YSI Model 54A Dissolved Oxygen Meter

Mini CONRAD II Portable Radiological Survey Meter
Lumidor Gasponder IV Model PGM-14



HNu Model PI 101 Calibration

The calibration of the HNu is to be checked daily before field use by using a
cylinder of isobutylene (HNu pn 101-350) with a regulator (HNu pn 101-351).

The ppm isobutylene reading, along with the span setting, is recorded in the
calibration report contained in the HNu case (35 ppm, span 9.8).

In the field, the calibration must be checked daily before use and readjusted,
if necessary, by using this cylinder and regulator as follows:

1. Connect the analyzer to the regulator and cylinder with a short piece of
clean tygon tubing.

2. With the SPAN setting at 9.8 and the function switch at the same positions
as listed on the Isobutylene Calibration Report, open the valve on the
cylinder until a steady reading is obtained.

3. If the reading is 35 ppm, the analyzer calibration for the original
species of interest is still correct.

4. If the reading has changed, adjust the SPAN setting until the reading is
35 ppm.

5. Shut off the cylinder as soon as the reading is established.

6. Record and maintain this new SPAN setting.

Notes:

A. The regulator sets and controls the flow rate of gas at a value preset at
the factory. This will be about 100 to 200 cc/min.; no adjustment to the
regulator is necessary in the field.

B. Do not use the cylinder below about 30 psig as readings below that level
can deviate up to 10 percent from the rated value.

C. Safely discard the disposable cylinder when empty and do not refill. It

is against the law to transport refilled cylinders.



Fisher Accumet Model 955 Calibratjon

To measure the pH values of samples that vary over a range wider than two pH
units, a two-point calibration will be done daily before field use to compen-
sate for less than 100 percent electrode efficiency. The STANDARDIZE control
provides the first set-point. The slope control sets the second set-point.

At pH 7, this "slope" adjustment has no effect on the readings. As readings
increasingly differ from pH 7, the adjustment’s effect becomes more
pronounced - always in the opposite direction from one side of pH 7 to the
other. Therefore, both calibration set points should be on the same side of
pH 7.

Choose two buffer solutions with values that bracket the desired measuring
range, usually pH 7 and pH 10 for groundwater and surface water. The buffer
closest to pH 7 in value should always be used for the first set-point (with
the STANDARDIZE control), and the buffer furthest from pH 7 in value should
always be used for the second set-point (with the SLOPE control).

pH 7 Buffer Calibration:

1. Observe that electrode lead is securely connected to INPUT jack on instru-
ment top panel. Also be sure to remove protective cot from tip of
supplied combination electrode.

2. Observe that plug of ATC Probe is securely connected to °C jack on instru-
ment right-side panel.

3. Obtain pH 7 buffer and ensure that buffer temperature is within 10°C of
sample temperature.

4. Immerse electrode system and ATC Probe into buffer solution.

5. Set FUNCTION selector to °C position and place ON-OFF switch to ON posi-
tion. Set the slope control full counter clockwise.

6. Allow electrode system and buffer solution to reach thermal equilibrium
(°C reading steady), then determine exact pH of buffer solution from the
table of buffer pH versus temperature found on the bottle label.

7. Set FUNCTION selector pH position, then adjust STANDARDIZE control until
digital display indicates the pH value of buffer solution.

8. Remove electrode system and ATC Probe from buffer solution and rinse them
with distilled water.

pPH 10 (or 4) Buffer Calibration:

1. Immerse the electrode system and ATC probe into the pH 10 buffer.

2. Set the FUNCTION selector to C position. Allow the electrode system and
buffer solution to reach thermal equilibrium (°C reading steady), then
determine the exact pH of the buffer solution from the table of buffer pH
versus temperature found on the bottle label.

3. Set the FUNCTION selector to the pH position, then adjust the SLOPE
control until the digital display indicates the pH value of the buffer
solution.

4, Remove the electrode system and ATC probe from the buffer solution and
rinse with distilled water,

5. The pH meter is now ready for sample measurements.
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Thermal equilibrium normally requires about one minute, but will vary
depending upon temperature difference between electrode system and buffers.
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Cole Parmer Model 4070 Conductivity Meter

Two options for calibration of the Model 4070 are available in the field,
depending on instrument accessory availability. If the pre-calibrated probe
is available, this is the easiest calibration procedure to do in the field.
However, if the probe is not available, calibration will have to be done daily
before field use with a standard solution (commercially prepared):

Calibration with Pre-Calibrated Probe:

1.
2.
3

Connect a standard pre-calibrated probe to the unit.

Select the "Set K" position on the function switch.

Adjust the "Set K" control until the display indicates the value of the
cell constant as marked on the probe being used.

The standard X 1.0 probe has a cell constant range from 0.80 to 1.20 and
is calibrated to 2 decimal places. The display should be set to indicate
this figure exactly.

The standard X 10 probe has a cell constant range from 8.0 to 12.0 and is
calibrated to 1 decimal place. The display should be set to indicate this
figure shifted one place to the right.

The standard X 0.1 probe has a cell constant range from 0.08 to 0.12 and
is calibrated to 2 decimal places. The display should be set to indicate
this figure shifted one place to the left.

Before using the 20 uS range, the probe should be thoroughly rinsed in
deionized water, excess water shaken off and the outside of the probe body
wiped dry. The display should then be set to zero, with the probe in free
air, by using the "Zero 20 uS" control.

Calibration with a Standard Solution:

N =

Select the "COND" range.

Immerse the conductivity cell and A.T.C. probe (if separate probe is being
used) into the prepared standard.

Select the 2000 uS range if using a 1000 uS or 1413 uS standard or other
suitable range if an alternative standard is being used.

Adjust the "Set K" control to give the exact readout of the standard solu-
tion selected on the display. '

After carrying out the calibration with standard solutions as detailed
above and with the probe still in the standard solution and the display
set to the value of the standard solution, switch to the "Set K" range to
give a direct readout of the cell constant.

If the readout cannot be set to the value of the standard solution with
the "Set K" control, then the cell constant lies outside the "Set K’ range
of 0.80 to 1.20. In such cases, the display should be set to read 1.00 on
the "Set K" position, the display reading on the range giving the best
resolution should be noted and the cell constant calculated from the
following formula:



K = Conductivity of Standard Solution
Display Reading

This figure should be noted and (with the cell constant set to 1.00 on the

"Set K" position) the display reading should be multiplied by this figure
to obtain the correct conductivity.

Note:

Ensure that the conductivity standard has not reached or gone over the expira-
tion date marked on the container.
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S odel S54A ssolved O n te alibrat

The air calibration procedure described below should be done daily before
field use:

1. Place the probe in the YSI 5075A calibration chamber along with a few
drops of distilled water.

2. Wait approximately 10 minutes for temperature stabilization.

3. Switch to TEMPERATURE and read. Refer to Table 1 - Solubility of Oxygen

in Fresh Water and determine calibration value.

Determine altitude or atmospheric correction factor using Table II.

Multiply Table I calibration value by the Table II correction factor.

Switch to the appropriate mg/L range and adjust the CALIBRATE knob until

the meter reads the value calculated in Step 5. Wait two minutes to

verify calibration stability. Readjust if necessary.

o B



Table 1 shows the amount of oxygen in mg/l that is dissolved in air saturated
fresh water at sea level (760 mmHg atmospheric pressure) as temperature varies
from 0° to 45°C.

TABLE 1

SOLUBILITY OF OXYGEN IN FRESH WATER

Temperature mg/l Dissolved Temperature mg/l Dissolved
°c Oxygen °c Oxygen
0 14.60 23 8.56
1 14.19 24 8.40
2 13.81 25 8.24
3 13.44 26 8.09
4 13.09 27 7.95
5 12.75 28 7.81
6 12.43 29 7.67
7 12.12 30 7.54
8 11.83 31 7.41
9 11.55 32 7.28

10 11.27 33 7.16
11 11.01 34 7.05
12 10.76 35 6.93
13 10.52 36 6.82
14 10.29 37 6.71
15 10.07 38 6.61
16 9.85 39 6.51
17 9.65 40 6.41
18 9.45 41 6.31
19 9.26 42 6.22
20 9.07 43 6.13
21 8.90 44 6.04
22 8.72 45 5.95

Source: Derived from 15th Edition "Standard Methods for the Examination of
Water and Wastewater."

ARCS/P/HIMCO/AF1



Table II shows the correction factor that should be used to correct the
calibration value for the effects of atmospheric pressure or altitude. Find
true atmospheric pressure in the left hand column and read across to the right
hand column to determine the correction factor. (Note that "true" atmospheric
pressure is as read on a barometer. Weather Bureau reporting of atmospheric
pressure is corrected to sea level.) If atmospheric pressure is unknown, the
local altitude may be substituted. Select the altitude in the center column
and read across to the right hand column for the correction factor.

TABLE II

CORRECTION FOR ATMOSPHERIC PRESSURE

Atmospheric Pressure Equivalent Altitude Correction
mmAg or Ft. = Factor
775 540 1.02
760 0 1.00
745 542 .98
730 1094 .96
714 1688 .94
699 2274 .92
684 2864 .90
669 3466 .88
654 4082 .86
638 4756 .84
623 5403 .82
608 6065 .80
593 6744 .78
578 7440 .76
562 8204 .74
547 8939 .72
532 9694 .70
517 10472 .68
502 11273 .66

Source: Derived from 15th Edition "Standard Materials for the Examination of
Water and Wastewater."

ARCS/P/HIMCO/AF1



MiniCoO ortable Radio cal Survevy Met

The manufacturer recommends that the Mini CONRAD only be calibrated semi-
annually. Determine from the instrument log last date of calibration and
assess if in-field calibration will be needed. The calibration procedure is
as follows:

1. Place the range switch in the low (x1) position.

2. Remove the "x1" plastic screw that covers the low-range calibration
control.

3. Turn the MiniCONRAD II on and place the target center in the appropriate

field for the instrument being calibrated: Model 3034 3 mR/h.

Adjust the "x1" control for the proper indication on the meter scale.

Reduce the field by approximately 50 percent. The MiniCONRAD II must

indicate within 15 percent of the field wvalue.

6. Replace the "x1" plastic screw.

7. Place the range switch in the high (x100) position, remove the "x100"
plastic screw and place the MiniCONRAD II target center in the appropriate
field: Model 3034 300 mR/h.

8. Adjust the "x100" control for the proper indication on the meter scale.
The field intensity is 100 times the value indicated.

9. Reduce the field by approximately 50 percent. The MiniCONRAD II reading,
multiplied by 100, must be within 15 percent of the field.

10. Replace the "x100" plastic screw and turn the MiniCONRAD II OFF.

v

Note:

For calibration purposes, the "target center" is the intersection of the
targets on the case.



do 0 V _Model PGM-14 Calibratio

Calibration should be done at least daily before field use and after 12 hours
of continuous use. Before proceeding, ensure that Gasponder is fully charged.

I.

WV WN e

II.

w N

v

O 00 ~J

10.

Initial Calibration

Instrument should be run at least 15 minutes.

Place Selector on "BATT.TEST" - check reading.

Place Selector on H9S and set "ZERO."

Place Selector on CH; and set "ZERO."

Before proceeding with calibration, examine the calibration kit model
PGM-14-10X to ensure that it contains:

One cylinder of Methane/CO (Approx. 50 percent LEL/250 PPM CO)

One cylinder of H3S (Approx. 25 PPM)

One Gas Regulator and Hose (Use only the regulator provided with the
kit)

Calibration

Locate opening provided at side of main case to gain access to calibration
adjustment for H»S and CHy.

Attach flow regulator on Methane/CO cylinder.

With Selector set to "CH,," check "ZERO" setting. If necessary, readjust
with panel adjustment only.

Repeat Step 3 for "HsS."

Return Selector switch to the "CH," position. Turn on flow regulator, and
connect hose to unit using quick disconnect fitting.

After one minute, adjust calibration screw until reading is the same as
stated on cylinder label (i.e., 50 percent LEL).

Turn off flow regulator and remove regulator from cylinder.

Attach flow regulator to cylinder marked HsS (RED).

Turn selector switch to the H9S position. Turn on flow regulator and
connect hose to unit using quick disconnect fitting. After three minutes,
adjust calibration screw until reading is the same as stated on cylinder
(i.e., 25 PPM). Disregard "Oo" alarm that occurs during this test.

When calibration procedure is completed, remove the gas regulator from
cylinder, carefully repack all components and replace calibration cover
securely.

ARCS/P/HIMCO/AE8
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APPENDIX B
STANDARD QOPERATING PROCEDURES

FOR
FIELD MEASUREMENTS

Volatile Organics by HNU
pH

Conductivity

Dissolved Oxygen
Radiocactivity

Methane and Hydrogen Sulfide
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STANDARD OPERATING PROCEDURE FOR THE
FIELD MEASUREMENT OF VOLATILE ORGANICS BY HNu
I. PARAMETER(S
Volatile organics with ionization potentials of less than 10.2 eV.
II. RANGE OF MEASUREMENT
The linear range is 0.1-400 ppm, the useful range is 0.1-2000 ppm.

I1I. LIMIT OF DETECTION

The detection limit of 0.1 ppm was determined by the manufacturer based on the
response of benzene at a span setting of 9.8 and a 10.2 eV probe.

IV. SAMPLE MATRICES

Headspace above soil samples collected in split spoon samplers or with
trowels.

V. PRINCIPLE, SCOPE AND APPLICATION

The analyzer measures the concentration of trace gases present in the atmos-
phere by photoionization. Photoionization occurs when an atom or molecule
absorbs a photon of sufficient energy to release an electron and become a
positive ion. This will occur when the ionization potential of the molecule
in electron volts (eV) is less than the energy of the photon. The source of
photons is an ultraviolet lamp with an energy of 10.2 eV.

Sample gases enter through the inlet into the ion chamber and are exposed to
photons emanating from the ultraviolet lamp. Ionization occurs for those
molecules having ionization potentials near to or less than that of the lamp.
A positive-biased polarizing electrode causes these positive ions to travel to
a collector electrode in the chamber. Thus the ions create an electrical
current which is amplified and displayed on the meter. This is proportional
to the concentration of trace gas present in the ion chamber and to the sensi-
tivity of that gas to photoionization.

In service, the analyzer is first calibrated with a gas of known composition
equal, close to, or representative of that to be measured. Gases with ioniza-
tion potentials near to or less than 10.2 eV will be ionized. These gases
will thus be detected and measured by the analyzer. Gases with ionization
potentials higher than 10.2 eV will not be detected.

Ionization potentials for various atoms, molecules and compounds are given in
the Instruction Manual Appendix. The ionization potential of the major compo-
nents of air, i.e., oxygen, nitrogen, and carbon dioxide, range from about

12.0 eV to about 15.6 eV and are not ionized by any of the three lamps. Gases



with ionization potentials near to or slightly higher than the lamp are par-
tially ionized, with low sensitivity.

VI. INTERFERENCES AND CORRECTIVE ACTIONS

Air currents or drafts in the vicinity of the probe tip may cause fluctuations
in readings. Soil, dust, or debris drawn into the probe will result in low
readings and/or negative deflection of the meter. High ambient humidity and
high percent moisture samples will cause negative deflection of the meter.

To obtain stable, reproducible readings, corrective actions such as shielding
the probe from drafts or currents and rain should be done. Sample moisture
content is not controllable as representativeness dictates that no special
handling of the sample occurs that might bias chemical results. Any drying of
the sample would result in loss of volatiles. The field records should indi-
cate which samples were wet and note any negative meter deflection.

VII. SAFETY PRECAUTIONS

Do not look at the light source closer than 6 inches with unprotected eyes.
Observe only if necessary, then only briefly. Continued exposure to ultra-
violet energy generated by the light source can be harmful to eyesight.

The instrument measures gases in the vicinity of the operator and a high read-
ing when measuring toxic or explosive gases should be cause for action for
operator safety.

Use HNu only in an emergency with a low battery when on battery charge.

Turn the function switch on the control panel to the OFF position before any
disassembly. Otherwise, high voltage of 1200 vdc will be present. Use great
care when operating the analyzer with the readout assembly outside its case
due to the presence of 1200 vdc.

Do not interchange lamps of different eV ratings in a probe. Amplifier and

components are selected for a specific eV lamp. A probe with the wrong lamp
will not operate properly.

VIII. SAMPLE SIZE, COLLECTION, PRESERVATION AND HANDLING

Soil

Measurement is done on the soil contained in the split spoon sampler or trowel
placed in a clean 8-ounce jar with a teflon-lined lid. Measurement should be
made within 5 minutes of collection in the field. The jar should be half
full.

IX. P TUS

- Clean 8-ounce clear glass jars with teflon-lined lid, hole the diameter of
the HNu probe drilled in top.



- Duct tape.

- HNu Model PI 101.

- Isobutylene calibration gas cylinder and regulator.
- Spare 10.2 eV lamps.

- Battery charger.

X. ou REVENTIVE MAINTENANC
1. Battery

Check the battery charge during each period of operation, at least once daily.
If the battery is low as indicated by the meter reading or the warning indica-
tor, it is necessary to recharge the battery.

2. Lamp

During periods of operation of the analyzer, dust or other foreign matter
could be drawn into the probe forming deposits on the surface of the UV lamp
or in the ion chamber. This condition is indicated by meter readings that are
low, erratic, unstable, non-repeatable, or drifting, or show apparent moisture
sensitivity. These deposits interfere with the ionization process and cause
erroneous readings. Check for this condition daily. Cleaning can be accom-
plished as follows:

a. Disassemble the probe and remove the lamp and ion chamber. Exercise
great care in doing so to prevent inadvertent damage to these
components.

b. First check the lamp window for fouling by looking at the surface at

an incident angle. Any deposits, films or discoloration may inter-
fere with the ionization process. Clean the window as follows:

1) First clean by rubbing gently with lens tissue dipped in a
detergent solution.

2) If this does not remove deposit, apply a small amount of HNu
cleaning compound (PA101534) directly onto the lens of the lamp
and spread evenly over surface with a non-abrasive tissue (e.g.
Kim-Wipe) or a lens tissue.

3) Wipe off compound with a new tissue.

4) Rinse with a warm water (about 80°F) or damp tissue to remove
all traces of grit or oils and any static charge that may have
built up on the lens. Dry with new tissue.

5) Reinstall lamp in detector and check analyzer operation.

6) If performance is still not satisfactory, replace the lamp.

3. lon Chamber



a. Inspect the ion chamber for dust or particulate deposits. If such
matter is present, the chamber can be cleaned by removing the outer
Teflon ring, and the four screws holding the retaining ring. Care-
fully move the retaining ring aside (NOTE: this is soldered) and
remove the screen. A tissue or cotton swab, dry or wetted with
methanol, can be used to clean off any stubborn deposits. The
assembly can also be gently swirled in methanol and dried gently at
50-60°C for approximately a half hour. No liquid must be present at
reassembly as this would affect the performance. Do not clean the
ion chamber with the HNu cleaning compound.

b. Reassemble the probe and check analyzer operation.
c. If performance is still not satisfactory, replace the lamp.
XI. REAGENTS AND CALIBRATION STANDARDS

The calibration gas cylinder containing a certified value of isobutylene is
the only reagent/standard. Replace when empty, no shelf life is applicable.

XII. CALIBRATION PROCEDURES

The calibration of the HNu is to be checked daily before field use by using a
cylinder of isobutylene (HNu pn 101-350) with a regulator (HNu pn 101-351).

The ppm isobutylene reading, along with the span setting, is recorded in the
calibration report contained in the HNu case (35 ppm, span 9.8).

In the field, the calibration must be checked daily before use and readjusted,
if necessary, by using this cylinder and regulator as follows:

1. Connect the analyzer to the regulator and cylinder with a short piece of
clean tygon tubing.

2. With the SPAN setting at 9.8 and the function switch at the same positions
as listed on the Isobutylene Calibration Report, open the valve on the
cylinder until a steady reading is obtained.

3. If the reading is 35 ppm, the analyzer calibration is still correct.

4., 1If the reading has changed, adjust the SPAN setting until the reading is
35 ppm.

5. Shut off the cylinder as soon as the reading is established.
6. Record and maintain this new SPAN setting.
Notes:

A. The regulator sets and controls the flow rate of gas at a value preset at
the factory. This will be about 100 to 200 cc/min.; no adjustment to the
regulator is necessary in the field.

B. Do not use the cylinder below about 30 psig as readings below that level
can deviate up to 10 percent from the rated value.



C. Safely discard the disposable cylinder when empty and do not refill. It
is against the law to transport refilled cylinders.

XIII. SAMPLE PREPARATION
A. Soil

Soil obtained in split spoon samplers or by a hand trowel/corer should be
placed in a clean 8-ounce clear glass jar outfitted with a teflon-lined 1lid
with a hole the diameter of the HNu probe drilled in it. Fill the jar half
full, close tightly (1id hold should be covered with duct tape) and allow to
equilibrate for 2 minutes before measurement.

XIV. ANALYTICAL MEASUREMENT

1. Unclamp the cover from the main readout assembly.
2. Remove the inner lid from the cover by pulling out the two fasteners.

3. Remove the probe, handle and cable from the cover. Attach the handle to
the front part of the probe.

4. Connect the probe cable plug to the 12 pin keyed socket on the readout
assembly panel. Carefully match the alignment slot in the plug to the key
in the connector. Screw down the probe connector until a distinct snap
and lock is felt.

5. Screw the probe extension into the probe end cap. The probe may be used
without the extension if desired.

6. Set the SPAN control for 10.2 eV as specified by the daily in-field
calibration with isobutylene.

7. Turn the function switch to the BATT (battery check) position. The needle
on the meter will go to the green zone if the battery is fully charged.
If the needle is below the green arc or if the Low Battery Indicator comes
on, the battery must be recharged before the analyzer is used.

8. Set SPAN pot to 9.8.

9. Turn the function switch to the STANDBY position. Turn the zero adjust-
ment until the meter needle is at zero.

10. Calibrate the instrument daily as described in Section 12.

11. Turn the function switch to the appropriate operating position. Start
with the 0-2000 position and then switch to the more sensitive ranges.
The UV light source should be on, confirmed by briefly looking into the
probe to observe the purple glow from the lamp.



12. Peel back the duct tape from the 1id and place the HNu probe in the hole.
Record the reading on the Soils Data Form.

13. After completion of each days measurements, check battery condition as
described in No. 7.

14. Turn function switch to OFF position.

15. When not operating, leave analyzer in assembled condition, and connected
to battery charger.

16. When transporting, disassemble probe and extension from readout assembly
and return equipment to its stored condition.

17. In case of emergency, turn function switch to OFF position.
XvV. FLOW CHART
Not applicable.

XVI. DATA TREATMENT

Not applicable, instrument provides direct real time readout in ppm units.
XVII. DATA DELIVERABLES

Record calibration details on Field Instrument Calibration Log and results on
Soils Data Form.

XVIII. QUALITY CONTROL REQUIREMENTS

Each day an upwind location will be used to determine the ambient background
level. One location for every ten will be selected for measurement as a field
duplicate. Two separate aliquots of soil will be placed in two 8-ounce jars.
No rpd limits have been established for field duplicate precision. Record
both reading on the Soils Data Form.

XIX. REFERENCES
- Instruction Manual, HNu Model PI 101 Portable Ionization Analyzer,

December, 1985.
- HNu Systems (617) 964-6690

XX. METHOD VALIDATION DATA

Not applicable as volatile organics are being measured for field screening
purposes to select sampling locations for chemical analysis.

ARCS/PROJ /HIMCO/AF3



Standard Operating Procedure
for the
Measurement of pH in the Field
Using the Fisher Accumet Model 955 Portable
pH/mV Temperature Meter

1. Parameter to be measured: pH.
2. Range of Measurement: 0.00 to 14.00 pH units.
3. Sample Matrix.

This method is applicable to drinking, surface, saline, and groundwater
samples; chemical domestic and industrial wastes; leachates.

4. Principle, Scope, and Application.

The pH of a sample is determined electrometrically, using a combination
sample~reference pH electrode.

5. Interferences and Corrective Action.

5.1 Any sample constituent which coats the electrode can cause sluggish
response. This can be eliminated by cleaning the electrode accord-
ing to manufacturer's instructions.

5.2 Temperature effects on the electrometric measurement of pH arise
from two sources. The first source is caused by change in
electrode output at various temperatures. This is avoided by using
the Automatic Temperature Compensation (ATC) probe. The second
source is the change of pH inherent in the sample at various tem-
peratures. Therefore, the sample temperature should be reported
with the pH.

6. Safety Precautions.

Common sense will eliminate the possibility of any hazards while the portable
pE meter is being used. Obviously, buffers and field samples must never be
pipetted by mouth. Handle the electrode carefully to avoid breakage. Since
the electrode will be measuring potentially hazardous material and all pH
electrodes leak small quantities of electrolytes, they must never be placed in
the mouth.

7. Sample Size, Collection, Preservation, and Bandling.

Collect approximately 50 ml or more of the sample to be measured. To avoid
the possibility of cross contamination from sample to sample and contamination
of leaking electrolyte, the samples will be discarded after pH measurement and
not used for any other parameters. If for any reason the pH cannot be taken
immediately in the field, samples must be stored at 4°C and measured within a
24-hour period.



8. Apparatus and Materials.

8.1 Fisher Accumet Model 955 Portable pH/mV Temperature Meter
8.2 Three or more SO ml plastic beakers

8.3 Commercially prepared pH 4.01, 7.00, 10.00 buffers

8.4 Squeeze type wash bottle, 125 ml or larger

8.5 Distilled water

8.6 Electrode; extra electrolyte for filling if necessary

8.7 Automatic Temperature Compensation (ATC) Probe

8.8 One or two 9-volt transistor batteries

9. Routine Preventive Maintenance.

9.1 The instrument and batteries should be checked and calibrated in
the laboratory before the field effort begins.

9.2 The accuracy of the buffer solutions used for field and laboratory
calibration should be checked. Buffer solutions need to be changed
due to degradation upon exposure to the atmosphere. (The date of
preparation of each buffer should be included on the bottle label.)
Record source of buffer and date opened on Field Meter Log Sheet.

9.3 Immerse the tip of the electrodes in water overnight. If this is
not possible due to field conditions, immerse the electrode tip in
water for at least an hour before use. The electrode tip may be
immersed in a rubber or plastic sack containing buffer solution for
field transport or storage. This is not applicable for all elec-
trodes, as some must be stored dry.

9.4 Make sure all electrolyte solutions within the electrode(s) are at
their proper levels and that no air bubbles are present within the
electrode(s).

9.5 Distilled water pH and conductivity should be monitored period-
ically.

9.6 The electrode should be stored and cleaned according to manufac-
turer's instructions.

10. Reagents and Calibration Standards.

Commercially prepared standardized buffers of pH 4.01, 7.00, and 10.00 are
used to calibrate the instrument. The source and date opened will be recorded
on the Field Meter Log Sheet.

11. Calibration Procedure.

Fisher Accumet Model 955 Calibration

To measure the pH values of samples that vary over a range wider than two pH
units, a two-point calibration will be done daily before field use to compen-
sate for less than 100 percent electrode efficiency. The STANDARDIZE control
provides the first set-point. The slope control sets the second set-point.



At pH 7, this "slope" adjustment has no effect on the readings. As readings
increasingly differ from pH 7, the adjustment's effect becomes more pronounced
-~ always in the opposite direction from one side of pH 7 to the other. There-
fore, both calibration set points should be on the same side of pH 7.

Choose two buffer solutions with values that bracket the desired measuring
range, usually pB 7 and pH 10 for groundwater and surface water. The buffer
closest to pH 7 in value should always be used for the first set-point (with
the STANDARDIZE control), and the buffer furthest from pH 7 in value should
always be used for the second set-point (with the SLOPE control).

pH 7 Buffer Calibration:
a. Observe that electrode lead is securely connected to INPUT jack on

instrument top panel. Also be sure to remove protective cot from
tip of supplied combination electrode.

b. Observe that plug of ATC Probe is securely connected to °C jack on
instrument right-side panel.

c. Obtain pH 7 buffer and ensure that buffer temperature is within
10°C of sample temperature.

da. Immerse electrode system and ATC Probe into buffer solution.

e. Set FUNCTION selector to °C position and place ON-OFF switch to ON
position. Set the slope control full counter clockwise.

f. Allow electrode system and buffer solution to reach thermal equili-
brium (°C reading steady), then determine exact pH of buffer solu-
tion from the table of buffer pH versus temperature found on the
bottle label.

g. Set FUNCTION selector pH position, then adjust STANDARDIZE control
until digital display indicates the pH value of buffer solution.
h. Remove electrode system and ATC Probe from buffer solution and

rinse them with distilled water.
pH 10 (or 4) Buffer Calibration:

a. Immerse the electrode system and ATC probe into the pH 10 buffer.

b. Set the FUNCTION selector to C position. Allow the electrode
system and buffer solution to reach thermal equilibrium (°c reading
steady), then determine the exact pH of the buffer solution from
the table of buffer pH versus temperature found on the bottle
label.

c. Set the FUNCTION selector to the pH position, then adjust the SLOPE
control until the digital display indicates the pH value of the
buffer solution.

4. Remove the electrode system and ATC probe from the buffer solution
and rinse with distilled water.
e. The pH meter is now ready for sample measurements.
Notes:

Thermal equilibrium normally requires about 1 minute, but will vary depending
upon temperature difference between electrode system and buffers.



12, Sample Preparation.

There is no sample preparation for this procedure other than allowing the
electrode system and sample solution to reach thermal equilibrium (steady
thermometer reading).

13. Analytical Measurement.

13.1 Calibrate the instrument (See Section 1ll).

13.2 Remove electrode system and ATC Probe from buffer solution and
rinse them with distilled water.

13.3 Immerse the electrode system and ATC Probe into the sample solution
and allow sufficient time for the electrode system and sample
solution to reach thermal equilibrium.

Notes: Thermal equilibrium normally requires about 1 minute, but will
vary depending upon temperature difference between electrode system and
sample.

13.4 Read the pH value of sample from the digital display and record on
the Well Purging and Sample Collection form. Remove electrode
system and ATC probe from sample and rinse with distilled water.
Repeat step 13.3 and 13.4 for remaining samples.

13.5 ON-OFF switch to OFF after last measurement.

14. Data Deliverables.

The pH accuracy will be assessed by performing two measurements on three stan-
dard buffer solutions. Each measurement will be within +0.05% standard unit
of the certified value for the buffer solutions. Precision will be assessed
through replicate measurements on field samples. The standard deviation of
four replicate measurements must be less than or equal to 0.1 standard unit.
The electrode will be withdrawn, rinsed with dionized water, and re-immersed
between each replicate. Calibration and verification will be done in the
field before the first replicate and after the last. The instrument used will
be capable of providing measurements of 0.0l standard unit. The instrument
will be calibrated at least once daily and every 10 samples and results
recorded on the Field Meter Instrument Calibration Log. Field replicates will
be done at a frequency of every 10 samples. This will be done in quadrupli-
cate. All field sample measurements will be recorded on the Well Purging and
Sample Collection form.

15. Quality Control Requirements.

Quadruplicate samples will be done every 10 samples by rinsing the electrode
after the initial reading, waiting 1 full minute, and then measuring the next
sample. The standard deviation of four replicate measurements must be less
than or equal to 0.1 standard unit.



16. References.

Material for this SOP was obtained from the Instruction Manual for the Fisher
Accumet Model 955 Portable pH/mV Temperature Meter, Catalog No. 69348.

17. Method Validation Data.

The parameter of pH is being measured for field screening to select sampling
locations and method validation data is, therefore, not required.
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Standard Operating Procedure
for the
Measurement of Specific Conductance in the Field
Using the Cole Parmer Model 4070 Conductivity Meter

1. Parameter to be measured: Specific Conductance.

2. Range of Measurement: Range (a) 0 to 19.99 mS
(b) 0 to 1999 us
(c) 0 to 199.9 usS
(d) -30.0 to +150.0°C

Resolution (a) 0.01 mS

{b) 1 usS
(c) 0.1 usS
(d) 0.1°

3. Sample Matrix.

This method is applicable to drinking, surface, saline, and groundwater
samples; domestic and industrial wastes.

4. Principle, Scope, and Application.

The specific conductance of a sample is measured using a self-contained
portable conductivity meter equipped with an Automatic Temperature
Compensation (ATC) probe.

S. Interferences and Corrective Action.

5.1 Precipitation reactions and absorption of carbon dioxide from the
air can affect the specific conductance. This can be avoided by
taking the measurement as soon after sampling as possible.

5.2 Specific conductance is affected by temperature changes. The use
of the ATC probe will eliminate this problem.

5.3 Any constituent of the sample which can coat the conductivity probe
such as o0il or grease, algae, or sedimentation can cause incorrect
or sluggish response. Dried salts or particulate matter allowed to
build up on the cell plates may cause the readings to be erroneous.
It is important to rinse the cell carefully with deionized water.

5.4 Ensure that no air bubbles are trapped in the cell area between the
plates. Failing to do so could cause a false reading.

6. Safety Precautions.

Common sense is the best safeguard against any potential hazards. Obviously,
one must never pipette samples or standard solutions by mouth. Handle the
probes carefully to avoid breakage. Since the meter will be measuring
potentially hazardous material, the probes must never be placed in the mouth.



7. Sample Size, Collection, Preservation, and Handling.

Samples should be collected in clean glass or plastic containers. The volume
should be such that the cell plates of the probe are completely immersed in
the sample. Samples may be filtered through a 4.5 m filter before analysis if
necessary. Specific conductance should be measured as soon after sampling as
possible, however, if readings cannot be taken immediately, samples should be
stored at 4°C and measured as soon as possible.

8. Apparatus and Material.

8.1 Cole Parmer Conductivity Meter, Model 4070

8.2 Conductivity probe

8.3 Automatic Temperature Compensation (ATC) probe
8.4 Clean sample containers

8.5 Squeeze-type wash bottle, 125 ml or larger

8.6 Deionized water

8.7 Calibration standard solution

8.8 Laboratory wipes - KimWipe or equivalent

8.9 Replacement batteries, types PP3, 6Fl12, or MN1é640

9. Routine Preventative Maintenance.
It is necessary to Keep the external surfaces clean and free from dust.

All conductivity probes should be thoroughly rinsed after use and stored in
deionized water. Particular care should be taken to ensure that the elec-
trical connections are free from dirt and debris. It is recommended that the
instrument be checked and calibrated before going into the field. The symbol
"BAT" will appear on the display if the batteries need replacing.

10. Reagents and Calibration Standards.
Potassium chloride standard solutions with a specific conductance closest to
the values expected in the field should be used. The table below may be used

for guidance:

SPECIFIC CONDUCTANCE OF KCl SOLUTIONS AT 25 DEGREES CENTIGRADE

Concentration Specific Conductance
mol/1l mg/1 umhos/cm
0.0001 7.456 14.94
0.0005 37.28 73.90
0.001 74.56 147.0
0.005 372.8 717.8
0.00702 523.4 1000
0.01 745.6 1413
0.02 1591.2 2767

NOTE: This table has been modified from Standard Methods for the Examination
of Water and Wastewater (1980).



Standard solutions may be stored at 4°C for up to one week. Date of prepara-
tion can be noted on the container and on the Field Meter Instrument Calibra-
tion Log.

11. Calibration Procedures.

Cole Parmer Model 4070 Conductivity Meter

Two options for calibration of the Model 4070 are available in the field,
depending on instrument accessory availability. 1If the pre-calibrated probe
is available, this is the easiest calibration procedure to do in the field.
However, if the probe is not available, calibration will have to be done daily
before field use with a standard solution (commercially prepared):

Calibration with Pre-Calibrated Probe:

a. Connect a standard pre-calibrated probe to the unit.

b. Select the "Set K" position on the function switch.

c. Adjust the "Set K" control until the display indicates the value of the
cell constant as marked on the probe being used.

d. The standard X 1.0 probe has a cell constant range from 0.80 to 1.20 and
is calibrated to 2 decimal places. The display should be set to indicate
this figure exactly.

The standard X 10 probe has a cell constant range from 8.0 to 12.0 and is
calibrated to 1 decimal place. The display should be set to indicate
this figure shifted one place to the right.

The standard X 0.1 probe has a cell constant range from 0.08 to 0.12 and
is calibrated to 2 decimal places. The display should be set to indicate
this figure shifted one place to the left.

d. Before using the 20 u$S range, the probe should be thoroughly rinsed in
deionized water, excess water shaken off and the outside of the probe
body wiped dry. The display should then be set to zero, with the probe
in free air, by using the "Zero 20 uS" control.

Calibration with a Standard Solution:

a. Select the "COND" range.

b. Immerse the conductivity cell and A.T.C. probe {(if separate probe is
being used) into the prepared standard.

c. Select the 2000 uS range if using a 1000 uS or 1413 uS standard or other
suitable range if an alternative standard is being used.

d. Adjust the "Set K" control to give the exact readout of the standard
solution selected on the display.

e. After carrying out the calibration with standard solutions as detailed
above and with the probe still in the standard solution and the display
set to the value of the standard solution, switch to the "Set K" range to
give a direct readout of the cell constant.



£. If the readout cannot be set to the value of the standard solution with
the "Set K" control, then the cell constant lies outside the "Set K'
range of 0.80 to 1.20. In such cases, the display should be set to read
1.00 on the "Set K" position, the display reading on the range giving the
best resolution should be noted and the cell constant calculated from the
following formula:

K = Conductivity of Standard Solution
Display Reading

This figure should be noted and (with the cell constant set to 1.00 on
the "Set K" position) the display reading should be multiplied by this
figure to obtain the correct conductivity.

Note:

Ensure that the conductivity standard has not reached or gone over the expira-
tion date marked on the container.

12. Sample Preparation.

If the sample contains a great deal of particulate matter which may interfere
with readings, they may be filtered through a 4.5 m filter.

13. Analytical Measurement.

13.1 Calibrate the instrument (See Section 1ll).

13.2 Rinse the conductivity probe and the ATC probe thoroughly with
deionized water, shake to remove internal droplets, and the outside
should be wiped before immersing into sample.

13.3 Allow the readout on the instrument to settle (usually about one
minute). Multiply the instrument readout by the correction factor
determined during calibration. Record the corrected conductivity
on the Well Purging and Sample Collection form.

13.4 Step 13.2 should be repeated after every sample to prevent cross-
contamination.

13.5 On completion of sample measurement, the probes should be
thoroughly rinsed in deionized water and for short term storage
should be kept immersed in deionized water so that the plates
remain wetted. For longer term storage, the probes should be
thoroughly rinsed in deionized water, the outside of the probes
wiped dry, and the probes stored dry. It should be noted that it
may take some time for stability to be achieved when a dry probe is
first used while the plate becomes re-wetted.

14. Data Deliverables.

Initial calibration of the instrument and continuing calibration check results
will be recorded on the Field Meter Instrument Calibration Log form. Summary
of sample analysis will be recorded on the Well Purging and Sample Collection
form, including sample duplicates.



15. Quality Control Requirements.

The meter will be read to the nearest 10 umhos/cm within a range of 0 to
20,000 umhos/cm. Accuracy of measurements shall be +5 percent of a standard.
The meter will be calibrated at least once daily and after every 10 field
samples. Field duplicates will be measured at a frequency of every 10 samples
by thoroughly rinsing the probes in deionized water, waiting one full minute,
and then immersing probes in the duplicate sample. Precision shall be a
standard deviation of +10 percent.

l16. References.

Material for this SOP was obtained from the Instruction Manual for the Cole
Parmer Model 4070 Conductivity Meter.

17. Method Validation Data.
The parameter of specific conductance is being measured for field screening to

select sampling locations, and method validation data is, therefore, not
required.

ARCS/P/HIMCO/AF4



Standard Operating Procedure for Field
Measurement of Dissolved Oxygen

I.

II.

I1I.

IV.

VI.

PARAMETER
Dissolved Oxygen in mg/1
RANGE OF MEASUREMENT

0-10 and 0-20 mg/1
0-5 and 0-10 mg/1 with high sensitivity membrane

LIMIT OF DETECTION

0.05 mg/1 on 0-10 scale
0.1 mg/1l on 0-20 scale

SAMPLE MATRIX

Water (surface, groundwater), residential well, wastewater
PRINCIPLE SCOPE AND APPLICATION

A thin permeable membrane covers a polarographic sensor. Oxygen enters
the membrane, and when a polarizing voltage is applied across the
sensor, oxygen reacts at the cathode causing a current to flow. The
membrane passes oxygen at a rate proportional to the pressure difference
across it. Oxygen is consumed at the cathode so the oxygen pressure
inside the membrane is zero. The force causing the oxygen to diffuse
through the membrane is proportional to the absolute pressure of oxygen
outside the membrane. If the oxygen pressure increases, more oxygen
diffuses through the membrane and more current flows through the sensor.
A lower pressure results in less current.

INTERFERENCES AND CORRECTIVE ACTIONS

Air bubbles trapped under the membrane will cause pressure-induced
errors. Replace membrane after refilling with fresh electrolyte taking
care not to introduce air bubbles.

HoS, 805, halogens, neon, nitrous oxide, and CO are interfering gases.
For water samples with chloride concentrations of greater than

20,000 mg/1l, compensation must be made for the differing temperature
solubility relationship of oxygen in sea water.

If the gold cathode becomes tarnished from contact with certain gases or
plated with silver from extended use with a loose or wrinkled membrane,
it will need to be replaced. Do not attempt to clean the cathode.



VII.

VIII.

IX.

SAFETY PRECAUTIONS

Disconnect battery charger before removing cover to replace batteries.
When replacing batteries, positive end of battery must go to red.

AMPLE SIZE, COLLECTION, PRESERVATION, AND HANDLING

Samples should be collected in 200 ml BOD bottles directly from the
surface water body or residential tap with minimum agitation to entrain
air. No preservatives are applicable as measurement should be done
immediately after collection. Downhole measurement of dissolved oxygen
in monitoring wells should be done.

APPARATUS MATERIALS

YST Model 54ARC/54ABP dissolved oxygen meter

YSI 5720A self-stirring BOD bottle probe

YSI 5739 oxygen temperature probe

Battery charger eliminator

Detachable cable leads (10-200' as applicable)

Submersible stirrer

Calibration chamber

Standard membrane and KCl Kit (includes membrane packets (0.001" thick),
30 ml KC1l bottle with Kodak Photo Flo®)

High sensitivity membrane and KCl Kit (includes membrane packets

0.0005 " thick)

Spare O rings

BOD bottles

Scissors

Spare Ni-Cad 1.25 v batteries

ROUTINE PREVENTIVE MAINTENANCE

Check gold cathode for tarnish or plating monthly. Send in for service
annually.

Check probe for air bubbles and membrane for fouling daily and replace
as necessary. Average life is 2 to 4 weeks.

Check diaphragm for puncture and evidence of leakage of electrolyte
weekly. Replace, if needed, by unscrewing the retaining plug. Remove
diaphragm and washer, and flush any KCl crystals from the reservoir.
Install new diaphragm, convoluted side in, replace washer, and screw in
retaining plug.

Rinse stirrer after each sample to maximize its life as hydrocarbons,
ozone, and strong acid and bases may degrade the flexible stirrer boot.

Store probe in the bottomless plastic bottle with a small piece of
moistened towel or sponge to keep electrolyte from drying out. Alterna-
tively, store probe in BOD bottle with about one-inch of water.



Battery replacement or recharging is indicated if the red line adjust-
ment cannot be made or calibration cannot be achieved even after probe
replacement/maintenance. Battery life should be three years or longer.
Recharge a minimum of 16 hours with the instrument on.

XI. REAGENTS AND CALIBRATION STANDARDS
Electrolyte solution available through YSI or make as follows:

1. Prepare a saturated solution of KCl using reagent grade KCl and
distilled water.

2. Dilute saturated solution to half strength using distilled water.

3. Add two drops Kodak Photo Flo® per 100 ml solution to provide good
wetting of the sensor.

4. Store with meter, discard after one year.
XII. CALIBRATION PROCEDURES

The air calibration procedure described below should be done daily
before field use:

1. Place the probe in the YSI 5075A calibration chamber along with a few
drops of distilled water.

2. Wait approximately 10 minutes for temperature stabilization.

3. Switch to TEMPERATURE and read. Refer to Table 1 - Solubility of Oxygen

in Fresh Water and determine calibration value.

Determine altitude or atmospheric correction factor using Table II.
Multiply Table I calibration value by the Table II correction factor.
Switch to the appropriate mg/L range and adjust the CALIBRATE knob until
the meter reads the value calculated in Step 5. Wait two minutes to
verify calibration stability. Readjust if necessary.

[« NV, B o



Table 1 shows the amount of oxygen in mg/l that is dissolved in air saturated
fresh water at sea level (760 mmHg atmospheric pressure) as temperature varies
from 0° to 45°C.

TABLE 1

SOLUBILITY OF OXYGEN IN FRESH WATER

Temperature mg/l Dissolved Temperature mg/l Dissolved
°C Oxygen °C Oxygen
0 14.60 23 8.56
1 14.19 24 8.40
2 13.81 25 8.24
3 13.44 26 8.09
4 13.09 27 7.95
5 12.75 28 7.81
6 12.43 29 7.67
7 12.12 30 7.54
8 11.83 31 7.41
9 11.55 32 7.28

10 11.27 33 7.16
11 11.01 34 7.05
12 10.76 35 6.93
13 10.52 36 6.82
14 10.29 37 6.71
15 10.07 38 6.61
16 9.85 39 6.51
17 9.65 40 6.41
18 9.45 41 6.31
19 9.26 42 6.22
20 9.07 43 6.13
21 8.90 44 6.04
22 8.72 45 5.95

Source: Derived from 15th Edition "Standard Methods for the Examination of
Water and Wastewater."



Table II shows the correction factor that should be used to correct the cali-
bration value for the effects of atmospheric pressure or altitude. Find true
atmospheric pressure in the left hand column and read across to the right hand
column to determine the correction factor. (Note that "true" atmospheric
pressure is as read on a barometer. Weather Bureau reporting of atmospheric
pressure is corrected to sea level.) If atmospheric pressure is unknown, the
local altitude may be substituted. Select the altitude in the center column
and read across to the right hand column for the correction factor.

TABLE 11

CORRECTION FOR ATMOSPHERIC PRESSURE

Atmospheric Pressure Equivalent Altitude Correction
mmHg or Ft, - Factor
775 540 1.02
760 0 1.00
745 542 .98
730 1094 .96
714 1688 .94
699 2274 .92
684 2864 .90
669 3466 .88
654 4082 .86
638 4756 .84
623 5403 .82
608 6065 .80
593 6744 .78
578 7440 .76
562 8204 74
547 8939 .72
532 9694 .70
517 10472 .68
502 11273 .66

Source: Derived from 15th Edition "Standard Materials for the Examination of
Water and Wastewater."



XIII.

X1V,

XV.

XVI.

XVII.

XVIII.

SAMPLE PREPARATION
None required, analyze immediately,
ANALYTICAL MEASUREMENT

1. With the instrument prepared for use and the probe calibrated, place
the probe in the sample to be measured and provide stirring by:

a. Downhole well measurement - use YSI submersible stirrer, or
provide manual stirring by raising and lowering the probe about
1 ft/sec.

b. Surface water and tap water measurements - place sample in BOD
bottle and use self-stirring BOD bottle probe or magnetic
stirrer.

2. Allow sufficient time (at least one minute) for probe to stabilize to
sample temperature and dissolved oxygen.

3. Read dissolved oxygen and record on Well Purging and Sample Collec-
tion Form.

FLOW CHART

Not applicable.

DATA TREATMENT

Not applicable, read dissolved oxygen directly in mg/l.

DATA DELIVERABLES

Complete Field Meter Instrument Calibration Log and note any preventive
maintenance done. Record sample dissolved oxygen, date, time, and
analyst on Well Purging and Sample Collection Form under comments
column.

QUALITY CONTROL REQUIREMENTS
No blanks, spikes, reference, or QC samples are applicable.

Every tenth sample analyzed, or at least once daily, sample will be
analyzed in duplicate by collecting a fresh aliquot of sample or raising
the submersible probe and reintroducing it into the well to take a
duplicate dissolved oxygen measurement. Error associated with just the
instrument is +0.05 mg/1 or 5%, therefore, field duplicates are likely
to agree within +0.1 mg/1 or 10%. If the variation is larger, check
instrument probe, battery, and diaphragm conditions.



XIX. REFERENCES

1. Instruction Manual YSI Models S54ARC/54ABP Dissolved Oxygen Meters,
YSI Incorporated, Yellow Springs, Ohio, August, 1988.

2. YSI Product Service (513) 767-7241 or 1-800-343-HELP.

XX.  METHOD VALIDATION DATA

Not required, dissolved oxygen measurement used as field screening only.
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Standard Operating Procedure for the
Field Measurement of Radioactivity

I.

II.

III.

Iv.

VI.

PARAMETERS

Total alpha radiation
Total beta radiation
Total gamma radiation

RANGE OF MEAS ENT

At x 1 range rocker switch: 0-5 mR/h
At x 100 range rocker switch: 0-500 mR/h
or with external probe:
At x 1 range rocker switch: 0-5,000 cpm
At x 100 range rocker switch: 0-500,000 cpm

IMI F _DETECTION

1 mR/h or 1 cpm at X 1 range
100 mR/h or 100 cpm at x 100 range

SAMPLE MATRIX

Soil collected during the installation of monitoring wells and the land-
fill cap investigation will be analyzed.

PRINCIPLE, SCOPE, AND APPLICATION

A halogen quenched Geiger - Mueller tube is used as the detector in the
Mini CONRAD II. The Mini CONRAD II is intended to be used as a survey
instrument by itself and a contamination meter with the external probe.
In order to quantatively assess the radioactivity present in site soils,
the external probe accessory will be sued to measure total alpha, beta,
and gamma contamination in counts per minute (cpm).

INTERFERENCES AND CORRECTIVE ACTION

The operating temperature range is from -12°F to +122°F. Extremely cold
weather may result in erroneous readings. Use in a warmer environment
and bring sample to the meter rather than using it directly at the
sample collection site.

If the speaker or 9-volt battery is oriented so that it is between the
detector (probe) and sample to be measured or calibration source, the
instrument will not respond with the stated accuracy of 10%. Ensure
that the GM tube indicator target mark on the probe is aimed toward the
sample or calibration source.



VII.

VIII.

IX.

XI.

X1I.

CAUTIONS

The overflow circuitry insures that the meter will continue to read
full-scale in fields up to 100 times the maximum range, giving an indi-
cation of high radiation levels so the user can avoid exposure. How-
ever, the user should exercise caution in working in any suspected
radioactive environment.

The instrument has been drop-tested at heights of up to four feet onto
concrete. Caution should still be used in protecting the geiger tube
(probe) assembly.

SAMPLE SIZE, COLLECTION, PRESERVATION, AND HANDLING

Samples will be analyzed in the field directly from the split spoon or
sample trowel. No preservation is required.

APPARATUS

Mini CONRAD II Portable Radiological Survey Meter
Meter 3089 Probe

ROQUTINE PREVENTIVE MAINTENANCE

Semi-annual calibration by the manufacturer, Dosimeter Corporation, is
recommended. When the instrument is stored for longer than one week,
the 9-volt battery should be removed.

REAGENTS AND CALIBRATION STANDARDS

The target center calibration standards is supplied with the instrument.
No shelf life or storage is applicable.

CALIBRATION PROCEDURES

The manufacturer recommends that the Mini CONRAD only be calibrated
semi-annually. Determine from the instrument log the last date of cali-
bration and assess if any in-field calibration will be needed. The
calibration procedure is as follows:

Place the range switch in the low (x1) position.

Remove the "x1" plastic screw that covers the low-range calibration
control.

Turn the Mini CONRAD II on and place the target center in the appro-
priate field for the instrument being calibrated: Model 3034 3 mR/h.

Adjust the "xl1" control for the proper indication on the meter scale.

Reduce the field by approximately 50 percent. The Mini CONRAD II must
indicate with 15 percent of the field value.



10.

Note:

Replace the "x1" plastic screw.

Place the range switch in the high (x100) position, remove the "x100"
plastic screw and place the Mini CONRAD 11 target center in the appro-
priate field: Model 3034 300 mR/h.

Adjust the "x100" control for the proper indication on the meter scale.
The field intensity is 100 times the value indicated.

Reduce the field by approximately 50 percent. The Mini CONRAD II
reading, multiplied by 100, must be within 15 percent of the field.

Replace the "x100" plastic screw and turn the Mini CONRAD I1I Off.

For calibration purposes, the "target center"” is the intersection of the
targets on the case.

XIITI.

XIV.

XV,

SAMPILE PREPARATION

No sample preparation is necessary, probe is to be pointed at sample
contained in the split spoon or trowel.

ANALYTICAL MEASUREMENT

1. Check the battery by putting the power switch in the BATT (left)
position. The switch must be held in this position since it is
spring-loaded and will return to the OFF position when released.

2. The meter should indicate a reading in the BATT range. If the
reading is below, the battery should be replaced as less than 8 hours
of battery life remain.

3. Press the power switch to ON (right) position.

4, Plug in the probe and point the probe at the sample (within 2-
3 inches).

5. Select the desired range x1 or x100 with the range switch. Read the
cpm scale. For most sites/samples, the xl1 range is most applicable.

6. If the x100 range is used, be sure to multiply the cpm reading by
100.

7. Record the cpm on the Soils Data Form.
FLOW_CHAR

Not applicable.



XVI. DATA TREATMENT
Instrument is direct readout unless x100 range is used. If x100 range
is used, multiply readings by 100.
XVII. DATA DELIVERABLES
Not applicable. Record reading on Soils Data Form.
XVIIT.QUALITY CONTROL REQUIREMENTS
One soil sample for every ten measured should be split into two aliquots
and have a reading taken on each. Both measurements should be recorded
on the Soils Data Form, and the rpd calculated. It is expected that
readings will agree to within 15%.
An off-site background soil will be measured daily to determine back-
ground counts.
XIV. REFERENCES
Instruction Manual, Mini CONRAD II Portable Survey Meter
Dosimeter Corporation (513) 489-8100
XX. METHOD VALIDATION DATA
Radioactivity is being measured for field screening and health and
safety purposes, so method validation data is not required.
A/0/MISC/BB9Y



Standard Operating Procedure for the
Field Measurement of Methane and Hydrogen Sulfide

I.

II.

III.

Iv.

VI.

VII.

P ETER

Methane (CH,), as & LEL
Hydrogen sulfide (H3S), as ppm

RANGE OF MEASUREMENT

CH, 0-100% LEL
HpS 0-100 ppm

LIMIT OF DETECTION

CH, 1% LEL
HoS 1 ppm
SAMP R

Gases, vapors, ambient air.

PRINCIPLE, SCOPE, AND APPLICATION

A catalytic sensor provides a linear output to the meter circuit to read
the presence of combustible gas. As the instrument is factory-cali-
brated to methane, the reading is equated with % LEL as methane. An
electrochemical reaction sensor provides measurement of HjS.

INTERFERENCES AND CORRECTIVE ACTION

Water drawn through the sampling pump will contaminate the pump and
sensors. Attach a water trap and filter device as a preventive measure.
If water is sucked into the pump, open the instrument and dry it quickly
with a warm air drier as soon as possible. The unit must then be sent
in for service.

SAFETY PRECAUTIONS

The Gasponder IV is designed to be intrinsically safe for operation in
confined spaces with potentially hazardous atmosphere. However, no
instrument can completely guarantee that the atmosphere is free of con-
tamination simply because no readings are obtained.

The instrument itself should only be charged with its own AC charger.
No substitutions should be made. The calibration gas cylinders should
be handled carefully in accordance with good laboratory practices.



VIII. E SERV N D G

The Gasponder IV sample intake tubing will be placed in the soil gas
probe or near suspected entry locations for CH,/H2S in residential
basements, and the CH; and HyS readings taken immediately.

IX.  APPARATUS AND MATERIALS

Gasponder IV PGM-14

Tygon tubing

Battery pack and spare
Thermal-protected charger
Water trap and filter device
Methane/CO calibration cylinder
H9S calibration cylinder

Gas regulator and hose

X. ROUTINE PREVENTIVE MAINTENANCE
Only trained and authorized Lumidor personnel should attempt any mainte-
nance or repairs other than calibration and replacement of the battery

pack.

Calibration is discussed in Section 12. Battery pack replacement should
be done when the digital meter face indicates LO-BAT.

XI. REAGENTS AND CALIBRATION STANDARDS

Two calibration gas cylinders are supplied with the instrument:

CH4/CO (50% LEL and 250 ppm CO)
HysS (25 ppm)

New cylinders should be reordered from Lumidor when the regulator indi-
cates that the cylinder is near empty.

XII. CALIBRATION PROCEDURES
1. Initial start-up and zero set
a. Place selector at any "ON" position. All alarm lights should be
"ON." Alarm horn should activate for several seconds, and

display will indicate 1.888.

b. Turn selector switch to "BATT. TEST." Reading should be 4.9V
minimum.

c. If less than 4,9V, place on charge for several hours.

d. Attach sampling hose and pinch tightly. "LOW FLOW" alarm should
indicate and horn should sound.



e. Instrument should be run at least 15 minutes.
f. Place selector on "BATT. TEST" - check reading.
B Place selector on H7S and set "ZERO."

2. Calibration

a. Locate opening provided at side of main case to gain access to
calibration adjustment for H3S and CHy.

b. Attach flow regulator on Methane/CO cylinder.

c. With selector set to "CH,," check "ZERO" setting. If necessary,
readjust with panel adjustment only.

d. Repeat step 2 for "HpS."

e. Return selector switch to the "CH," position. Turn on flow
regulator, and connect hose to unit using quick disconnect
ficting.

f. After one minute, adjust calibration screw until reading is the

same as stated on cylinder label. (i.e. 50% LEL).
g. Turn off flow regulator and remove regulator from cylinder.
h. Attach flow regulator to cylinder marked HsS (RED).

i. Turn selector switch to the H7S position. Turn on flow regu-
lator and connect hose to unit using quick disconnect fitting.
After three minutes, adjust calibration screw until reading is
the same as stated on cylinder (i.e. 225 ppm). Disregard "03"
alarm that occurs during this test.

j. When calibration procedure is completed, remove the gas regu-
lator from cylinder, carefully repack all components, and
replace calibration cover securely.

XIII. SAMPLE PREPARATION

X1v.

Not applicable, analysis is done directly on waste mass gas in sampling
probe or residential air.

ANALYTIC S T
1. Attach sampling hose to gas inlet and lower into probe. Do not allow
hose to contact any water or leachate. In residential basements,

place hose near cracks in foundation or sump pump areas.

2. Switch dial to "Read ppm HpS." Record on Soils Data Form.



3. Switch dial to "Read % LEL Methane." Record on Soils Data Form.

4. Remove hose from probe or sampling area, and proceed to next sampling
location.

Xv.  FLOW CHART
Not applicable.
XVI. DATA TREATMENT

Not applicable. Record results of calibration on Field Meter Instrument
Calibration Log and results on Soils Data Form.

XVIII.QUALITY CONTROL

Not applicable as measurements are real time direct read-outs. An
upwind off-site location will be measured daily before field work to
determine background conditions.

IX. REFERENCES

1. Lumidor Safety Products Operating Instructions for Gasponder IV
Model PGM-14, May, 1987, Revision I.

2. Lumidor Product Service (305) 625-6511.

XX. METHOD VALIDATION DATA

Not applicable as CH,; and HyS are being measured for field screening to
select sampling locations.
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